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EXECUTIVE SUMMARY 

1985, the U.S. Environmental Protection Agency @PA) issued a Notice of 
to the U.S. Depamnent of Energy (DOE) identifying EPA's major concerns about 
mental impacts associated with the Femald, Ohio, Feed Materials Production 
's) past and present operations. On July 18, 1986, DOE and EPA jointly signed a 

ty Compliance Agreement (FFCA) pertaining to environmental impacts associated with 
the FMPC. In response to the FFCA, a site-wide Remedial Investigation and Feasibility Study 
(RUFS) was initiated pursuant to the Comprehensive Environmental Response, Compensation, and 
Liability Act (CER ded by the Superfund Amendments and Reauthorization Act 

EPA procedure used to identify and select an action plan for 
the cleanup of CER 

was originally issued to EPA in December 1986. After a 
series of technical discussions and negotiations, Revision 3 of the RI/FS Work Plan was submitted 
in March 1988 and received EPA app 
subsequently prepared and submitted to EP 

The RUFs work has been performed in 

perform the RI and FS segments of the 
complete the RI and then proceed to 

first phase of the FS was the development of alternatives for 
December 1988. 

A detailed FS work plan was 

dite the work, directions were given to 
e time. The normal process is to first 

RI was completed in September 1990. The 
e. A report was issued in 

On April 9, 1990 DOE and EPA Region V amended the 198 
Agreement (Consent Agreement) to 
operable unit concept. The Consent Agreement, persuant to 
became effective June 1990. 

a Federal Facility Consent 
including the 

A Sections 120 and 106 (a), 

In line with the operable unit concept, the second phase was to redefine the de 
screening of alternatives for each operable unit. For Operable Unit 1, a first i 

effort was issued in March 1990. This was followed by a second internal dra 
first submittal of the Initial Screening of Alternatives Report to EPA occurred 
followed by a subsequent revised document in October 1990. 

ES- 1 
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The FIvIPC site has been divided into five operable units. Operable units are distinctive groupings 
of facilities and environmental media that will enable DOE to expedite remedial actions on the 

ty operable units while awaiting necessary data and related analyses on other operable 
perable units are: (1) Waste Pits 1 through 6, Clearwell, Bum Pit, (2) other waste 
ction facilities and suspect areas, (4) Silos 1. 2, 3, and 4 and (5)  environmental 

Scorn of Owrable Unit 1 
Operable Unit 1 inc!udes Waste Pits 1 through 6, the Bum Pit, and the Clearwell. It also includes 
any contaminated 
Surface/stonn wafer 

Program, 

. . . . . . . . . . . . . 

ater, excavation/remediation water, and standing water. 
e unit will be controlled and treated by an already approved 

The revised appro 
follows: 

aterial requiring remediation within this operable unit are as 

Waste Pit 1: 135,000 
Waste Pit 2: 75.000 cubic 
Waste Pit 3: 318,000 cubic 
Waste Pit 4: 203,000 cubic 
Waste Pit 5: 343,000 cubi 
Waste Pit 6: 91,000 cubi 
Bum Pit: 26,000 
Clearwell: 37,000 

In addition to this material, there are approximately 750,000 
volume of water in Pit 6, and approximately 627,000 gallons 

Extent of Contamination in Waste Pits 
The FS report is based on the detailed findings of the RI re 
information, a summary of the principal contaminants of concem is given below. 

ter in Pit 5, an unknown 

d other referenced available 

Radiological contamination: 

- Uranium was detected in varying amounts in al l  the samples 
the waste pits. Uranium-238 was highest in samples collecte 
ranged from 12,500 to 18,700 picoCuries/gram @Ci/g), respe 
also exhibited fairly high concentrations of U-238 at 17.900 
respectively. Uranium-234 and U-235 were similarly higher 
high concentrations of U-238 Vable 4-1). 

- Thorium-230 is also a dominant radionuclide in the waste pits. The highest 
concentration of 21,900 pCi/g was in a sample collected from Pit 3. Samples 
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from Pit 5 showed concentrations ranging from 3080 to 20200 pWg. 
Technetium-99 was detected in Pits 2, 3, and 5 at maximum concentrations of 618, 
1110, and 2990 pCi/g, respectively. Radium-226 was high in samples collected 
from the Clearwell and Pit 5 with concentrations up to 458 and 999 pCi/g, 
respectively. 

Inorganic contamination: 

- Aluminum - Aluminum was found in measurable amounts in all the samples 
collected from the waste pits with concentration levels ranging from 1703 to 
64,100 parts per million (ppm). 

- e background concentration for barium is 420 ppm. The 
level for barium was 36,939 ppm, collected from Pit 5. All 

m this pit had relatively high barium concentrations ranging 
,939 ppm, which is well above the background level. All but 
ed from Pit 3 exceeded the average background concentration. 

llected from the Clearwell exceeded the average background 
so a l l  four samples collected from Pit 4 exceeded the average 

concentration level. But, out of six samples collected from the Bum 
Pit, only one sample exceeded the average background with a concentration of 
7097 ppm. Samples collected fmm Pits 1, 2, and 6 contained barium in 
concentrations below back levels uable 4-2). 

- Calcium - All the sampl 
highest concentration bel 
waste pit, except Pit 6, 
57,000 ppm. Most of 
Pits 3, 5, and the Cle 

- Fluoride - Fluoride w 

from Pit 5 had more than 100,OOO ppm, the 
m. There is at least one sample in each 

average background concentration of 
n levels are in excess of 100,OOO ppm. 

have more calcium than other pits. 

gh concentration levels in all the samples, 
with the highest concentration being 124,476 
this constituent. 

- Iron - Samples collected from Pits 2, 3, and 
relatively higher concentration level of iron 
amount being 26,919 ppm. However, only 
concentrations above the average backgroun 

- Magnesium - Magnesium in the samples co 
concentration levels that exceed the background range of 50 to 50,000 ppm 
(Shacklette and Boemgen 1984) with the highest level being 63,200 ppm. Three 
out of the six samples collected from Pit 5 exceeded the avera 
concentration of 4600 ppm. Samples collected from Pits 1. 2 
Clewell  do not exceed the background range but are above 
background concentration. Only one out of six samples from 
than 50,000 ppm; the rest are below the background range but 
background concentrations. Similarly only one sample collec 
above the average background range, and the rest were within b 
concentration range but above the average background concentra 
the samples contained magnesium in concentrations that exceeded the average 
background level. 

Pit 4 was analyzed for 

seem to have a 
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Other inorganic constituents are summarized in Appendix C. Arsenic in some of the samples 
Pits 3 and 5 by far exceeds the average background concentration of 7.4 ppm. 

samples from Pits 3 and 5 to be above the average background concentration of 
ad in two out of six samples collected from Pit 3 exhibited concentrations of 340 and 

e samples exceeded the average background concentration of 9.2 ppm. Copper was 

at exceeded the average background concentration of 17 ppm. Silver was found to be 
in two samples from Pit 4 and the Bum Pit to be in concentrations of 444 and 506 ppm, 

ground. Vanadium was in concentrations above the average 
background in all ected from Pit 5 and in three samples collected from Pit 3. 

Samples from Pits exhibited relatively higher concentrations of volatile organics 

). Pit 6 had the highest acetone concentration; ranging from 
760 to 3200 parts per billion (ppb). Pit 3 had the highest butanone concentration of 4320 ppb. 
Methylene chloride was found in meas 
tetrachloroethene in concentrations ranging 
tetrachlomethane in amounts as high as 

% 

all the pits. Pit 4 contained 
530 and 30,000 ppb. Pit 6 contained 1.1.2.2- a 

Organics - Semivolatiles HSL 
Fluoranthene, naphthalene, phenanthren 
concentrations than the other semivolatiles detected in the pits 
highest in Pit 2 with a concentration range of 160 to 2300 an 
Phenanthrene and pyrene were highest in Pit 4 with concentra 
1820 ppb, respectively. Ethylhexyl phthalate was highest in 
pentachlorophenol was highest in the Bum Pit. 

ylhexyl phthalate appeared to be in higher 
ne and naphthalene were 

ppb. respectively. 
of 110 to 2730 and 93 to 

Pesticides - HSL 
Polychlorinated biphenyls (PCBs) were detected in all the pits with the highest amounts in samples 
from Pit 1 ranging between 3500 and 1O.OOO ppb. Samples collected from Pits 
in concentrations ranging from 321 to 1800 and 99 to 1344 ppb, respectively. 
Burn Pit contained PCBs in the range of 70 to 2700 ppb. Pits 1 and 2 contai 
concentrations ranging from 16 to 1600 ppb. Herbicides were found in Pit 4 with a 
ranging between 82 and 2793 ppb. 

Es-4 
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Geotechnical Information 
The results of the geotechnical analysis show that most of the materials can be classified as sandy 

lasticity with the exception of Pit 1, which classifies as gravely clay, and the Bum Pit 
classifies as a sandy silt Samples collected from Pits 1, 2, 3. and 5 and the 
ed characteristics of plasticity. Those from Pits 4 and 6 were nonplastic. The Bum 

of plastic and nonplastic. The color of the material is grayish brown. Details of 
ysis and a complete list of the geotechnical results are contained in the Roy F. Weston 

Report (198%). 

A baseline risk ass 

isotopes of uranium 
methylene chloride, 

med out. Cumnt and future chemicals of concern include 
trontium, barium, magnesium, manganese, acetone, 2-butanone, 

chloroethane, chloroform. ethyl parathion, methyl parathion, and 
hemicals were detected at above-background concentrations in the 

waste pits. However, the receptor will not be exposed to these pit constituents in current or future 
exposure scenarios. These chemic medial investigation report for Operable 
unit 1. a 
The risk assessment determined that thways are of current potential concern: 

from dry areas of Waste pits 5 and 6 Inhalation exposure to ai 
Ingestion exposure ts that have been contaminated by surface 
water runoff from Operable Unit 1 
Ingestion exposure to groundwater and food cro 
been contaminated by surface water runoff and 

ith groundwater that has 

The cancer risk to the reasonable maximally exposed (RME) 

pathway is 3 x 10'. The RME individual for the sediment i 
lifetime cancer risk is 9 x lo'. The cancer risk to the surface water runoff 
contamination of groundwater is 3 x lW. The total estimated lifetime cancer risk associated with 
these pathways is 3 x 1W for a hypothetical RME individual. 

ith the airborne emission 

A fourth exposure pathway was identified for the future exposure scenario. W ents 
may migrate through the vadose zone into the underlying regional aquifer. The 
land-use conditions is located at the southeastern FMPC property boundary. Thi 

have a lifetime cancer risk of 2.5 x 10' for radiocarcinogenicity and 1.4 x lo" 
carcinogenicity. 

Es-5 
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reside alongside Operable Unit 1. The RME under future land-use conditions would have a lifetime 
radiocarcinogenicity and 9.8 x lo’ for chemical carcinogenicity from this exposure 
sk to this RME would be the same as that to the current RME for the surface 
the sediment pathways. Because of the vegetative growth expected in the future 
and 6. &e airborne emissions pathway is not a concern in the 100- to 500-year 

Remedial Action Obiectives 
Remedial action objec 
and the environment. 
receptors identified in 
site-wide compliance 

Chemic 

Regulatory standards for co and radioactivity in the environment 

medium-specific cleanup goals for protecting human health 
the contaminants of concern as well as exposure routes and 
sk assessment. The primary purposes of RAOs are to ensure 

ble or relevant and appropriate requirements (ARARs) and to 
be considered (TBC) guidelines 
EPA guidance for risk to public health from hazardous chemicals 

To accomplish these objectives, each operabl 
level of 25 percent of each site-wide lim 
of operable units throughout the FMPC w 
for operable unit-specific action levels to 
impractical to achieve an operable unit-specific action level, it m 
does not result in failure to comply with the site-wide RAO. 
Unit 1, which are based on the action level of 25 percent of the 
must cover a l l  constituents (radiological and chemical) that co 
unit. Alternatives for remediation must meet airborne RAOs 
waste pits or at a location determined by an RME scenario to be of greatest risk to human and 
environmental receptors, as well as drinking water RAOs in the aquifer that might be encountered 
directly below the Operable Unit 1. 

e FMPC is subject to a unit-specific action . 

be demonstrated that the collective impact 
e site-wide limit. This serves as the basis 
e with site-wide RAOs. If it is 

e extent that it 

goals for Operable 
emical-specific RAO, 

from the operable 
ly adjacent to the 

RAOs were developed based on chemical-specific ARARs. Moreover, site-specific 
developed based on risk analysis and radiological analyses for the pathways. The 
RAOs were developed included: direct radiation, air, soils, sediments and surface 
gmundwater. and operable unit wastes. Operable unit-specific action levels that apply RAOs are 
presented in Figure 2-1. 

ES-6 
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General Remnse Actions 

me actions (broad categories of media-specific remediation actions) that satisfy one or 
Os were established. For Operable Unit 1, these general response actions included 
nse, institutional action, containment with and without treatment, and removal with 

Identification and Initial ScreeninP of Technologies and Process Omions 
Technologies potenti 
response action. Th 
The process options 

satisfying the applicable RAOs were identified for each general 
groups were further broken down into various process options. 

es were then screened initially on the basis of technical 
implementability, e cost. 

The technologies and process options remaining from the scmning process were combined to 
assemble an initial list of six alternatives for remediation. In general, al l  the alternatives fall into 
one of three broad categories: 

No action 

Containment option that in no treatment but provides some protection 
of human health and envi 

. . . . . . . . . 

Treatment options that range from one eliminating (or minimizes) the need for long- 
tern management on site to one reducing the to 
contaminants 

ty, or volume of 

The six alternatives developed were: 

Alternative 0: No action 
Alternative 1: Nommoval, slurry wall. and cap 
Alternative 2: Nommoval, physical stabilization, slurry wall, and cap 
Alternative 3: Nommoval, vitrification, and cap 
Alternative 4: Removal, waste treatment, and on-property disposal 
Alternative 5 :  Removal, waste treatment., and off-site disposal 

The cost and ranking of these alternatives is shown in Table 3-1 in Section 3.0. The 
kept flexible for further refinement of these alternatives. 

Detailed Analysis *of Alternatives for Remediation 

F0UOUI-lS/SA.ISO-l/lZlO-~ ES-7 
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The following alternatives for remediation were retained and refined in the detailed analysis of 
alteITiativeS: 

Alternative 0: No action 

temative 2: Nonremoval, physical stabilization, slurry wall. and cap 

Alternative 4A: Removal, waste treatment (concrete stabilization), and on-property 

Alternative 4B: Removal, waste treatment (vitrification), and on-property disposal 

Alternative 5A: Removal, waste treatment (concrete stabilization), and off-site 

oval, waste treatment (vitrification), and off-site disposal 

Each alternative re 
factors and has been compared to'the others. The criteria used for the detailed analysis included. 
the nine CERCLA requirements mentioned below: 

analysis and presentation has been evaluated against a range of 

Overall protection of human h d the environment 
Compliance with ARARs 
Long-term effectiveness 
Reduction of toxicity, m e through treatment 
Short-term effectiveness 
Implementability 
cost 
State acceptance (This cri following comment on the RWS report 

omment on the RIPS 
and the proposed plan.) 
Community acceptance ("'his criterion is assess 
report and the proposed plan.) 

A summarized assessment of the alternatives is given in the 

Alternative 0: No Action 
Under this alternative, there is a potential for the contaminants to migrate via the surface water or 
groundwater to the site receptors. Except for implementability, this alternative does not meet any 
of the other CERCLA requirements. 

Alternative 2: Nonremoval. Physical Stabilization. Slum Wall. and CaD 
Overall protection of human health and the environment - This was a 
reducing the potential for migration of the contaminants. 

lished by 

Compliance with ARARs - Accomplished. . 

FWOUl-lS/SklStJl/l2-1~-90 ES-8 
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Long-term effectiveness and permanence - Direct exposure from the contaminants 
prevented by the cap. The cap does require continuous surveillance and maintenance. 
There is the potential for contaminant migration through groundwater. Monitoring 

are required to detect any leachate migration. Review is required every five 
in accordance with CERCLA Section 121(c). 

ction of toxicity, mobility, and volume through treatment - Compaction of waste 
ces the volume and the void space and, therefore, reduces the potential for 

achate generation. The toxicity of the waste is unaffected. 

ort-term effectiveness - Absence of waste handling minimizes threat to workers and 
the community. Environmental impacts are fugitive dust, construction-related traffic 
congestion, noise, smoke/fumes, and odors. Additional environmental impacts are 

Paddys Run, turbidity in the surface waters, Paddys Run biota, 
bitat, and groundwater flow diversion due to slurry wall 

implementation of this alternative does not pose any technical 

Alternative 4A: Removal, Waste Treatment (Cement Stabilization), and On-ProDerty Disposal: 

Overall protection of human health and the environment - Waste is removed and 
treated, thereby eliminating mig 

Compliance with A R B  - Ac 

contaminants to a receptor. 

Long-term effectiveness and residual risk of on-property disposal is 
far less than the baseline res1 
groundwater contamination, ntaminated soil are met. The 
surveillance and monitoring the same as Alternative 2. Additionally, 
provision has to be made for the detection, collection, and testing of leachate. 

Os for direct radon emission, 

Reduction of toxicity, mobility, and volume throu Stabilization 
supplemented by disposal in an engineered dis 
the contaminants but increases the volume by 
stabilizing agents are added to the waste mate 
generation is very low. 

Short-term effectiveness - Because of waste increased probability 
of accidentally releasing uranium, thorium, and radon With the exception of Paddys 
Run, the other environmental impacts are the same as Alternative 2. Due to material 
removal/stabilization and emplacement in the constructed engineered 9 

th 
and safety measures will be taken to protect the workers and the co 

uces the mobility of 
percent because 
ity of leachate 

the potential for environmental impact is greater than Alternative 2. 

Implementability - Stabilization is a proven technology, but treatability tes 
required. 

FEWOUl-IS/SA.156l/I2-1~W . ES-9 
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Alternative 4B - Removal, Waste Treatment (Vitrification). and On-ProDertv Dimsal 

With the exception of implementability and additional requirements of short-term effectiveness, the 
assessment for this alternative is the same as Alternative 4A. 

Short-term effectiveness - In addition to the items mentioned in Alternative 4A, it is 
necessary to provide treatment for the off-gases that may be released during the 
vitrification process. 

Implementability - Vitrification has only been performed on a smaller scale. 

Alternative 5A - Removal. Waste TRatment (Cement Stabilization). and Off-Site Diswsal 
With the exception of long-term effectiveness and permanence and short-term effectiveness, the 
assessment of this 

ence - Shipping the waste off site eliminates the 
with this material. 

s - In addition to the assessment criteria discussed in 
potential of transportation accidents due to the 

large number of rail shipments of the material. 

a The assessment for this alternative is a of Alternatives 2, 4A, 4B, and 5A. 

The following table is a summary of 
year period, and total (capital and ope 

present worth of operating costs over a 30- 

TABLE ES-1 

Alternative Capital Present Worth t Number of Months Required 
No. cost ($1 Operating Cost ($) to Implement Alternatives 

0 0 9,000 9,000 0 

2 1,390,ooO 66.000 1,456,OOO 

4A 1220,000 20,000 1,240,000 

4B 1,780,000 20,000 1,800,000 
5A 1,800,000 0 1,800,000 
5B 2250,000 0 2,250,000 

I 

Figure ES-1 gives a graphical representation of the above costs. 
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1.0 INTRODUCTION 

als Production Center 
tals for the U.S. Department of Energy (DOE). It is engaged in a site-wide 

is a contractor-operated federal facility that produced 

iation program. The Fh4PC is a 1050-acre site located in a rural area 
0 miles northwest of Cincinnati, Ohio. The production area is limited to an 

approximate 136-acre tract near the center of the FMPC site. The villages of Femald, New 
Baltimore, Ross, New Haven, and Shandon are a l l  located within a few miles of the plant (Figure 
1-1). 

On March 9, 1985, the 
Noncompliance to DO 
associated with the 
conferences were held between DOE and EPA representatives to discuss the issues and to identify 
the steps DOE proposed to take to achieve and maintain environmental compliance. 

On July 18, 1986, DOE and EPA jointly si 
pertaining to environmental impacts associat 
pursuant to Executive Order 12088 (43CFR 
statutes and implementing such regulations 
Recovery Act (RCRA), and the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA). Specifically, the FFCA was intended 
impacts associated with past and present activities at the FMPC 
investigated so that appropriate remedial response actions can be 
implemented. On April 9, 1990, DOE and EPA Region V am 
Facility Consent Agreement (Consent Agreement) to achieve co 
concept and the current commitments of the Remedial Investigation/Feasibility Study (RIPS) 

program without modifying the underlying objectives. The Consent Agreement, pursuant to 
CERCLA Sections 120 and 106(a), became effective June 1990. Notice of the inte 
the Operable Unit 1 RIPS was published in the May 15, 1990 Federal Register. 

The purpose of the Consent Agreement was to achieve consistency with current re 
and EPA guidance, changes in the environmental protection and compliance strate 
such as removal actions and the operable unit concept, and the current commitments of the RI/FS 

Program- 

ental Protection Agency @PA) issued a Notice of 
PA’s major concerns about potential environmental impacts 
resent operations. Between April 1985 and July 1986, 

ral Facilities Compliance Agreement (FFCA) 
FMPC. The FFCA was entered into 

re compliance with existing environmental 
r Act, the Resource Conservation and 

cy with the operable unit 

0 
1-1 



FIGURE 1-1. FIVE-MILE RADIUS MAP, FEED MATERIALS PRODUCTION CENTER 
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1.1 PURPOSE AND ORGANIZATION OF REPORT 
the FFCA, an RUFS was initiated pursuant to CERCLA. as amended by the 

endments and Reauthorization Act (SARA). The FMPC Work Plan for the site-wide 
n the requirements of the FFCA, was originally submitted to EPA in December 
series of technical discussions, the Work Plan was modified and resubmitted in 

. It received EPA approval in May 1988. The revised FS Work Plan was submitted to 
EPA in August 1990. 

This work Plan, p 
identified 27 units 
eventually increas 
that these 39 units 
purposes. For effective performance of the RI/FS and planning of remediation activities, the 
concept of operable units was introduced into the program to accommodate separate schedules for 
each group of units. This allowed the remedial action process to proceed toward completion for the 

site-wide RVFS, provided the overall technical approach and also 
o be investigated in the RI/FS. Modifications to the list 
39 units. In the course of the investigation, it became apparent 
ategonzed and assembled for technical and program management 

- -  

most well-defined or problematic units w ollection and analysis continued for other units. 

There are five operable units: 

Operable Unit 1 - Waste 
Operable Unit 2 - Solid 
Operable Unit 3 - Production Area and Suspect Areas 
Operable Unit 4 - Silos 1. 2, 3, and 4 
Operable Unit 5 - All Environmental Media 

, the Clearwell, and the Bum Pit 

Areas covered by Operable Units 1 through 4 (Figure 1-2) 
possible contamination of the underlying Great Miami Aqui 
Pits 1 through 6, the Bum Pit, and the Clearwell. 

considered sources for 
Unit 1 consists of Waste 

This report has been prepared in conformance with EPA's Guidance for Conducting Remedial 
Investipations and Feasibility Studies Under CERCLA (EPA 1988a) and the 
conducting an FS. The F!3 Work Plan describes in detail the various tasks 
the FS. These tasks include the following: 

. 
Detailed Analysis of Alternatives 

Reparation of FS Report 

Identification and Screening of Technologies 
Development and Screening of Alternatives 

Evaluation and Selection of Preferred Alternatives 
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The FS report gives a conceptual overview of remedial action altematives but is not intended to 
' level detail. The objective is to develop a representative framework for evaluating 

medial action alternatives applicable to Operable Unit 1 at the FMPC site. The 
ed in the FS and how it conforms to EPA guidelines is illustrated in Figure 1-3. It 

step evaluation of process options, technologies, and assembled alternatives determined 
ssing through a series of screenings. Public health factors and the technical capability of 

potential technologies were compared with contaminant characteristics and site conditions in the 
development of 
forward. General then assembled for comparative analysis using criteria for 
technical capability, and environmental impact, and cost. Retained alternatives were 
then subjected to a 
with each This 
common basis, clarifying the magnitude and importance of the effects resulting from the 
implementation of the alternative, and assessing its representative costs. 

revented infeasible or unacceptable actions from being carried 

is to develop the expected benefits, risks, and costs associated 
ed a systematic procedure for evaluating alternatives on a 

This report summarizes the screening meth 
evaluation, and initial and final screening 
criteria for a recommendation by EPA 

for Operable Unit 1 including the development, 
action alternatives. The intent is to develop 
ate remediation alternative. 

Section 1.0 of this report presents a s 
identification of remedial action objectives (RAOs) and gene 
identification and screening of technologies. Section 3.0 deve 
and alternatives and presents the results of the initial scree ' 

the detailed analysis of the alternative for remediation. It is 
of alternatives and the initial screening of alternatives we 
reports required under the 1986 FFCA and the 1990 Consent Agreement. 

I findings. Section 2.0 includes the 
ctions as well as the 
gies into process options 

tives. Section 4.0 covers 
at both the development 
mented in separate 

Appendix A is a description of technologies that were evaluated for further consideration. 
Appendix B is a summary of the baseline risk assessment. A tabulation of char 
volume and mas of the waste pits, the Clearwell. and the Bum Pit is contained 
Appendix D identifies a comprehensive list of potential applicable or relevant and a 
requirements (ARARs). Appendix E provides data on packaging and transportation, 
F provides detailed cost estimates. 

1-5 
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Establish Remedial 
Action Objectives 

1 

Develop General Response 
Actions Descrlblng Areas or 
Volumes of Media to Which 
Containment, Treatment, or 

Removal Actions May be Applied 

Identify Potentla1 
Treatment and 

b Disposal Technologies 
and Screen Based on 

Technical ImqiementabillV 

-* 
7 

7 
Evaluate Process Options Based 

on Effectiveness, implementabliity, 

FIGURE 19. FEASIBILITY STUDY LOGIC FLOW DIAGRAM 
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1.2 BACKGROUND INFORMATION 
rovides general site-wide information on the FMPC and the surrounding area. It 

cription of the FMPC, a site history, and a discussion of previous site investigations. 
information for Operable Unit 1 is supplied in Section 1.2.2 and the RI Repon (DOE 

1.2.1 Site Descrimion 
The FMPC is located near Femald, Ohio approximately 20 miles northwest of Cincinnati (Figure 
1-1). The site cov 
uranium metal co 
wastes. In addition 
including waste bum pit, a clearwell. fly ash disposal areas, a sanitary landfill, 
and l i e  sludge po The waste pits and the Clearwell (Figure 1-5), located west of 
the production plant, cover approximately 37.7 acres. The area is relatively flat with gentle slopes 
resulting from the emplacement of final soil covers over buried wastes. Paddys Run, an 
intermittent tributary of the Great Miami R 
between the waste storage area and the si 

The Atomic Energy Commission (AEC) 
uranium and its compounds fmm natu 
residues for government needs. This integrated production complex began operations in 
conformance with AEC Orders in the early 1950s. In 1951, 
@LO) entered into a contract with the AEC as Operations 
This contractual relationship lasted with AECDOE until Janu 
Company of Ohio (WMCO), a wholly owned subsidiary of 
assumed management responsibilities of the site operations 
years. 

y 1050 acres of land and was used for the production of 
cores, and the interim storage of low-level radioactive/hazardous 

roduction facilities, the site also contains waste storage facilities 

along the west side of the Fh4PC property a 
DOE, established the W C  for processing 

oncentrates and for recycling recoverable 

Lead Company of Ohio 
nce (O&M) Contractor. 
, Westinghouse Materials 

ghouse Electric Corporation, then 
r a minimum of five 

A pilot plant was completed in 1951 and was the first operations facility at the 
fabrication plant (Plant 6) began operations in 1952. Two metals production plants 
6). the green salt plant (Plant 4). recovery plant (Plant 8), sampling plant (Plant 1). 

(Plants 2 and 3) began operations in 1953. The uranium hexafluoride plant (P1 
special products plant (Plant 9) became operational in 1954. 



64.3 8 

SCALE 

0 FMPC RESEWATION 
BOUNDARY 

t 

FlGURE 1-4- MAJOR FEATURES OF THE FMPC 



643 8 

................. ................. ................. ......... - RAfggom 

......... 
NOTES; 

.................. .................. SCALE DRAINAGmAYS ............. - PITS 1, 2. 3 AND THE BURN -..- - FENCELINE 

~ ROADWAY 

0 175 350 E!T . PIT ARE COVERED. 
PIT 4 HAS AN INTERIM CAP. 

FIGURE 1-5. WASTE STORAGE AREA Qocy&a 
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Per the Consent Agreement, the technical strategy adopted for the RVFS is to issue distinct RI/FS 
h of five identified operable units at the FMPC. The subject of this report is 

which includes Waste Pits 1 through 6, the Bum Pit, and the Clearwell. The pits 
in approximately 450,000 cubic yards of material in solid/sludge form and 

of surface water. Besides these materials, the remediation will include an 
et of the surrounding soil, any soil between pits and soils underlying the pits. This 

additional soil along with the contaminated portion of cap material brings the amount of material to 

be removed, treated, or capped to approximately 1.2 million cubic yards. Per the references given 
in Table C-8 of Appe 
hazardous constituents 
radiological substance 
hazardous waste). S 
Bum Pit, and the Cl 

Pits 1 through 6, the Clearwell, and the Bum Pit contain 
necessarily cause the material to be a hazardous waste) and 
mixed waste (classified as a mixture of radiological and 
nts more detailed available information on the waste pits, 

1.2.2 Site History 
Since the beginning of uranium production o 
been used at the FMPC for the storage of lo 

chemical and metallurgical processes utilized 
deposited in one of six waste pits, a cle 
and the Bum Pit make up the 37.7 acres 

in 1952, on-property storage facilities have 
ioactive wastes generated by the various 

y. Specifically, these wastes have been 
in a bum pit. The six pits, the Clearwell, 
ntified as Operable Unit 1. 

0 

By completing a comprehensive investigation of historical record 
construction drawings, a reasonable estimation of the quantities 
various components of the waste pits, Clearwell, and Bum Pit h 
summarizes these calculations and provides essential information 
Clearwell, and the Bum Pit, The soil volumes estimated in Tab 
outside the pit liner surrounding the respective pit extending in depth to a prominent sand and 
gravel layer identified as the Great Miami Aquifer (approximate elevation of 548 feet mean sea 
level [msl]). In addition, all soil volumes are reported as a bank measure. Further 
detailed descriptions of the six waste pits, the Clearwell, and the Bum Pit are prese 
following paragraphs. 

culated. Table 1-1 

Waste Pit 1 
Waste Pit 1. constructed in 1952, was excavated to a maximum depth of 17 feet into an existing 
clay lens and lined with additional clay obtained from the Bum Pit. A portion of the clay liner is 

0 
FEWOUl-lS/SA.lSO-2/1210-90 1-10 
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reported to be up to four feet thick on the bottom and one and one-half to two feet thick on the 
Pit 1 has an 82,693-squm-foot surface area with an estimated 33,676 cubic yards of 
It contains neutralized waste filter cake, fly ash, 55-gallon drums, scrap graphite, 

urn tetrafluoride and magnesium). Within these materials is an estimated 115,352 
p liquor, sump cake, and depleted slag (by-product of the chemical reaction 

uranium. The presence of a large (but unknown) quantity of drums in Waste Pit 1 was 
evident in photographs taken during the years of active pit operation. Although the photographs 
indicate that most 
these drums is kno 
water runoff was 
consistency of the 
the pit surface. 
c-1. 

neither the origin nor the nature of the materials stored in 
te Pit 1 was backfilled and covered with clean soil. Surface 

earwell before discharge to the Great Miami River. The general 
te Pit 1 indicates wet conditions approximately eight feet below 

information on Waste Pit 1 is included in Appendix C, Table 

Waste Pit 2 
Waste Pit 2, constructed in 1957, was ex 
the site of a small pond east of Waste Pi 

with an estimated 18,478 cubic yards of 
graphite. fly ash, %-gallon drums, scra 
estimated 2.66 million pounds of urani 

large quantity of concrete and other construction rubble is bu 

In 1964, the pit was taken out of service, backfilled, and co 
overgrown with grass and is fairly level with a gentle slope 
alongside Waste Pit 4 on the east. Surface water mnoff is 
discharged to the Great Miami River. The general consis 
indicates semisolid and wet conditions approximately eight feet below the present pit surface. 
Additional available information on Waste Pit 2 is included in Appendix C, Table C-2. 

Waste Pit 3 
Waste Pit 3, with a 27-foot depth, was constructed in 1959 by excavating into the 
and adding a clay layer along the pit walls. Waste Pit 3 has a 241,175-square- 

(low-level uranium bottoms from tributylphosphate removal column), raffinate concentrate, slag, slag 

a maximum depth of 17 feet into native clay at 
e Pit 2 has a 44,578-square-foot surface area 
. It contains neutralized waste filter cake, 

quor. sump cake, and depleted slag. An 

within these materials in Waste Pit 2. A 

soil. Waste Pit 2 is 

d to the Clearwell before being 
of Waste Pit 2 

' with an estimated 213,248 cubic yards of buried waste. The pit contains lime-neut 

~1-156A.lS0-2/lZ10-90 1-12 
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leach residues, filter cake, fly ash, and lime sludge. Within this material are an estimated 288,041 
'um and 881 pounds of thorium. 

en out of sewice in the fall of 1968 as a wet pit. Subsequent usage was confined 

. .  

material until 1977, at which point the pit was taken completely out of service, 
and covered with clean soil. Waste Pit 3 is overgrown with grass and is fairly level. 

The western side of the pit slopes steeply down to the perimeter fence and road, and a gentle slope 
extends toward a drainage ditch running alongside the Bum Pit on the east. Surface water is 
diverted to the Cle 
exist eight feet be10 
in Appendix C, Ta 

Waste Pit 4 
Waste Pit 4, with a 24-foot depth, was constructed in 1960 in a manner similar to Waste Pit 3, 
using a clay layer approximately two feet thick along the pit walls. Waste Pit 4 has an 83,799- 
squawfoot surface area with an estimated bic yards of buried waste. The pit contains 
p m s s  residues, filter cake, slurries, raffi p graphite, noncombustible trash, asbestos, and 
an estimated 23500 pounds of barium the materials is an estimated 6.7 million 
pounds of uranium. One hundred thi unds of thorium metal in %-gallon drums 
was placed in Waste Pit 4. Samples borings in Waste Pit 4 exhibited levels of 
barium in the parts per thousand range. The presence of bari ese levels requires the waste 
in Waste Pit 4 to be classified as mixed waste. 

ischarge to the Great Miami River. Wet to saturated conditions 
ce. Additional available information on Waste Pit 3 is included 

' J  

In 1986, the pit was covered with clean soil and graded for s 
was level and had no vegetative cover at the time of the Ch Investigation Study (CIS) 
performed by Roy F. Weston (November 1987). An earthe ds the pit to retain 
surface water runoff. The general consistency of the contents indicates semisolid and wet to 

r diversion. Waste Pit 4 

saturated conditions approximately nine feet below the present pit surface. In December 1988, an 
interim RCRA cap consisting of compacted clay overlain by a 45-mil-thick Hyp 
sulfiiated polyethylene (reinforced) liner was installed on Waste Pit 4. Additio 
infomation on Waste Pit 4 is included in Appendix C, Table C-4. 

1-13 
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Waste Pit 5 
with a 30-foot depth, was constructed in 1968 and lined with a @mil-thick Royal- 
propylenediene monomer (EPDM) elastomeric membrane. Occasional joint failures 

surface of the liner were noticed during routine inspections and ascribed to 
(weston 1987a). The corrective action has been to glue the seam and patch the 

e Pit 5 has a 161,103-square-foot area with an estimated 98,840 cubic yards of disposed 
waste. The pit contains solids from neutraIkd ra f f i~ te ,  slag leach slurry, sump slurry, and lime 
sludge. Within these materials are an estimated 111,737 pounds of uranium and 37,445 pounds of 
thorium. The pit f service in 1987 but remains open The effluent tower within 

pounds of steel and 64,000 pounds of concrete. 

estimated 750,000 gallons of water ranging in depth from three 
over one-third of the length of the pit to the east. Therefore, at feet near the wes 

the time of the CIS sampling, the waste materials were exposed over the eastem third of the pit. 
The surface elevation of water in Pit 5 varie 
Additional information on Waste Pit 5 is i 

nding on the precipitation and evaporation rates. 
n Appendix C, Table C-5. 

Waste Pit 6 
Waste Pit 6, with a 24-foot depth, was 
is lined with an EPDM elastomeric me 
observed and repaired. Waste Pit 6 has a 32,400-square-foot 
cubic yards of disposed waste. It contains green salt (urani 
asbestos, and process residues containing elevated levels of u 
estimated 1.9 million pounds of uranium. The pit was taken 

open. The pit surface is presently covered with up to t 
elevation of which varies depending on the amount of ra 
contains an undetermined volume of standing water. Until March 1987, rainfall that had collected 
in the pit was pumped to Waste Pit 5 for settlement before being discharged via the Clearwell. 
Presently, collected rainfall is transferred to nearby wastewater treatment facilitie 
Additional information on Waste Pit 6 is included in Appendix C, Table C-6. 

1979 in a manner similar to Waste Pit 5 and 
tears above the water line have been 

with an estimated 11,556 
e), filter cake, slag, 

ce in 1985 but remains 
water, the surface 

evaporation rates. This pit 

n these materials is an 

Bum Pit 
The Bum Pit was constructed in 1953 at the site previously used to excavate th 
for Waste Pits 1 and 2. The boundaries of the Bum Pit are no longer discernible from the 
boundaries of covered Waste Pit 4. Therefore, the area of the Bum Pit is suspected and assumed 
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to be that area bounded by Pits 2, 3, 4, and 5 (approximately 21,724 square feet). The depth of 
varies because of the sloping bottom used for access during excavation and disposal 

e pit was used to dispose of and bum laboratory chemicals, including pyrophoric and 
icals, as well as waste oils and other low-level contaminated combustible materials 

e maximum depth is believed to be about 20 feet. The disposed waste quantities are 

oden pallets. The Bum Pit is overgrown with grass and is fairly level. A two- to 

three-foot deep ditch cuts across the area on the west side and drains toward Waste Pit 2. 

During the CIS, six 
drill rig and split- 
borings extended n 
material had been 
thickness to a max 
coarse-grained sand, trace gravel, and abundant rootlets. 

completed in the Bum Pit. These borings were made using the 
ethod. Based on the presumed maximum depth of the pit, the 

16 feet and ended at the first indication that naturaI, underlying 

t, and it consisted of yellowish brown clay with some fine- to 
the borings an apparent cover layer was observed. It varied in 

Overall data from the borings indicate that 
consistency of the contents varies. Prel 
wood, grass, and roots), metals, silt-s 
Bum Pit. Additional information on 

te ranges in thickness from 9 to 16 feet. The 
pling indicates that glass, organic materials (e.g., 

isolids, and carbonized residues are in the 
luded in Appendix C, Table C-7. 

0 

Clearwell 
Constructed at the time of the Waste Pit 1 excavation, the Cl ntly receives surface 
water runoff from the surfaces of Pits 1, 2, and 3, as well as 
Pit 5. Before March 1987, the Clearwell was used as a final 
passed through Waste Pits 3 and 5 before discharge to the G 
Discharge Elimination System (NPDES) discharge point. W 
Clearwell at all times. The depth of sediment remaining in the Clearwell is presently estimated at 
11 feet. Additional information on the Clearwell is included in Appendix C, Table C-8. 

unded storm water from 
n for process water that 
ver, a National Pollutant 
depth remains in the 

1.2.3 Nature and Extent of Contamination 
The RI data and data from previous studies conclusively show that releases to &e en 
Operable Unit 1 have occurred. The surface soils, the glacial overburden, and the g 
beneath the waste pits are contaminated. The principal environmental concern assoc 
Operable Unit 1 is contaminant migration and transport in surface water and groundwater. Results 
from the RI are briefly presented in the following paragraphs. 

1-15 



64.3 8 
m - 0 1 1 5 - 2  

December 10. 1990 

ry records for the waste pits indicate that: Pit 1 contains 115,352 pounds of uranium; 
2,662,004 pounds of uranium and 890 pounds of thorium; Pit 3 contains 288,041 
um and 881 pounds of thorium; Pit 4 c o n w  6,726,M6 pounds of uranium and 

unds of thorium; Pit 5 contains 111,737 pounds of uranium and 37,445 pounds of 
thoriuin; Pit 6 contains 1,860,973 pounds of uranium; and the Bum Pit and Clearwell contain 
unknown amounts of uranium. 

. . . .  

The contents of the 
sampling program i 

2 ,4 ,  and 6 with c 

e been sampled under the CIS program. Data from the CIS 
concentration of uranium-238 (U-238) was relatively high in pits 

gins from 53 to 17,900 picocuries/gram @Ci/g), 509 to 15.800 
pCi/g, and 12,500 ,700 , respectively. Samples from the Bum Pit contained the lowest 
uranium concentrations that ranged from 22 to 454 p w g .  Pits 3 and 5 contained higher 
concentrations of thorium-230 (7%-230) than the other pits with concentrations ranging from 15 to 
21,900 pCi/g and 3080 to 20,200 pCi/g, res 
concentrations of radium-226 (Ra-226) 
to 458 pCi/g and 235 to 999 pCi/g, re 

The sampling of the waste pits conduc 
amounts of waste reported in the waste inventory records. This was due to the inability to sample 
the full depth of the waste in the pits. A review of the CIS 
requirements that must be met to complete the baseline risk 
sequently, a sampling plan for the waste pits was prepared by 
Corporation (ASUIT). This plan has been approved and the 
report is being prepared. No data are available from the cu 
available, they will be incorporated in hture =visions to this report as well as in the 
implementation plan of the site-wide remedial action program. 

Surface Soils 
A review of the surface soil data obtained during the CIS program shows that urani 
are the predominant and most widespread radionuclides in the waste pit area. 
concentrations in surface soils are elevated around the perimeter of Pit 6 and e 
Several locations within the waste pit area had concentrations above 35 pCi/g and at some locations 

y. The Clearwell and Pit 5 contained higher 
pits with concentrations ranging between 22 

S program did not, however, confirm the 

additional information 
) and the FS. Con- 

Sciences, Inc./IT 
is ongoing as this 

ampling efforts. As data become 

as high as 10,900 pwg .  The majority of sampling locations show Th-232 concentrations to range 
~, ‘q /,a, (P: * 

!,.Lm4. ;.*#Y:..% 
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between and 5 pCi/g. Locations that axe associated with elevated U-238 activity show Th-232 
ranging from 5 to 15 pCi/g. The extent of Ra-226 concentrations above background 

pCi/g is quite low. 

il samples collected within Operable Unit 1 during the RI/FS were mostly from the 
northwest perimeter of the waste pit area, which was not covered under the CIS program. 

Radium-226, Ra-228, Th-228, Th-230, Th-232, U-234, and U-238 were consistently detected in 
these samples. 
Uranium and thori 
to 62.0 and 0.6 to 

ntrations for radium were at or slightly above background levels. 
ns wefe above background with concentrations ranging from 1.0 

Subsurface Soils 
A total of 26 subsu collected from various depths from the wells installed 
within the Operable Unit 1 study area during the RUFS. These samples were analyzed for a full 
range of radionuclides. Radium-226, Ra-228, Th-228, Th-230, "3-232. U-234, and U-238 were 
consistently detected in these samples. The tration ranges for these radionuclides in pCi/g 
are: 0.4 to 1210 for Ra-226; 0.5 to 160 ; 0.6 to 22.9 for Th-228; 0.6 to 710 for Th- 
230; 0.6 to 33.1 for Th-232; 0.6 to 112 d 0.6 to 320 for U-238. 

Samples collected from the 1000-series 
those from the 2000-series and 3000-series wells. Uranium 
the other radionuclides in the upper 15 feet of the glacial ov 
centrations in samples from the 2000-series and 3000-series 
levels. Thorium concentrations are within or slightly above b 

gher concentrations of radionuclides than 
gher concentrations than 
ium and uranium con- 

erally within background 

Surface Water 
Surface water samples were collected at 12 locations along drainageways within Operable Unit 1. 
Data from this RI sampling program, as well as data from previous studies, in 
radionuclides in the storm water runoff from the waste pits. Most of the radio 
at background concentrations. Total uranium concentrations range from 54 to 9 
centrations of U-234 and U-238 in two samples exceed the DOE-Derived Con 
(DCG) limit of 500 pCi/L and 600 p C i ,  fespectively. These samples contained 59 
pCi/L of U-234 and 2840 and 2506 pCi/L of U-238. Radium and thorium co 
samples were well within the DOE guidelines. 

1-17 



64.3 8 
FMPC-0115-2 

December 10. 1990 

Sediments 
samples were collected within Operable Unit 1 during the RI. However, several 

s within Operable Unit 1 were sampled during the CIS program. Review of the CIS 
despread uranium contamination in most of the drainage ditches. A sample from a 

flows parallel and adjacent to the south berm of Pit 5 contained U-238 activity 
ons ranging from 46 to 728 pCi/g. The radium and thorium concentrations were low in 

a l l  the samples from the drainageway. A shallow drainage flowing north and south over the Bum 
Pit area contained U-238 activity concentrations ranging from 170 to 408 pCi/g. A minor drainage 
flowing east of Pit -238 activity concentrations ranging from 96 to 746 pCi/g. 

Groundwater 
The perched groun 
of the waste pits h 
on the south edge of Pit 4. A sample from this well contained 15,330 pgL of total uranium. 
Other wells containing high concentrations of uranium above 1000 pgL are Wells 1022, 1073, and 
1082. All the wells that contain high con ns of uranium are located in the east central part 
of the waste storage pits, with the excep 
suspected of being the source of con 

The 2000-series wells are screened at 
groundwater from the uppermost part of the aquifer. Con 
glacial overburden infiltrate from the perched groundwater zo 

Compared to background levels of total uranium of less than 
appear in Wells 2004, 2022, 2027, and 2084 within Operable 
21.0 pg/L was present in Well 2084. At the deepest lev 
and 4000-series wells within Operable Unit 1, uranium 
ranging from 0.1 to 2.0 pg/L. 

acid overburden is heavily contaminated with uranium as a result 
highest concentration of uranium was detected in Well 1021 

0 1073. Leakage from the waste pits is 
eastern groundwater plume. 

f the Great Miami Aquifer and sample 
e heavily contaminated 

elevated concentrations 
highest concentration of 
onitored by the 3000- 

low at concentrations 

Biolorrical Resources 
The investigation of biological resources conducted during the RI determined th 
radionuclides by both plants and animals within the FMPC. Total uranium con 
samples of vegetation roots collected within the Operable Unit 1 study area ranged 

pCi/g. Other radionuclides were present in concentrations either below detecti 
background levels. A composite macroinvertebrate sample of small mammals was collected near 0 
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Waste Pit 5 (ASI/lT 1990~). Radionuclide concentrations in the composited carcases were below 
ts, but uranium was detected in the composited organs at 18.6 pWg. 

th Operable Unit 1 are long half-life radionuclides, their 
ucts, and numerous inorganic and organic chemicals. 

Currently, uranium is the primary site-related chemical of concern. Unlike many organic 

compounds, the 
less toxic compoun 
ultimately reduce th 
radionuclide. For rposes, the radioactivity associated with radionuclides present in 
Operable Unit 1 c 
Under baseline 

tituents of concern present in Operable Unit 1 do not degrade into 
they do undergo transformation by radioactive decay that will 

ntration. The rate of decay is expressed as the "half-life" of the 

constant due to the long half-lives of the isotopes present. 
persist at cumnt levels for hundreds of years. 

When released from the waste storage pits, the radionuclides and nonradioactive chemicals from the 
Operable Unit 1 study area would contam environment of the FMPC. The radiological and 
chemical hazard would be attributable to t transport through environmental media such as 
air, soils, surface water, or groundwater. sms for this transport from the waste storage 
pits to potential receptors are detailed e Operable Unit 1 Baseline Risk Assessment 

=Pa 

The following exposure pathways are discussed in the baselin 

transport h m  Operable Unit 1: 

ent repon, contaminant 

Ingestion of groundwater containing radionucli ioactive chemicals that 
may erode from the pits in surface water, whic 
regional aquifer 

to the underlying 

Ingestion of radionuclides in soils that may erode into Paddys Run from the waste 
storage pit area 

Inhalation of radionuclides in a imme emissions from Waste Pits 

Ingestion of groundwater (and food raised with groundwater) con 
and nonradioactive chemicals that may leach from waste storage pits 

The first three listed are existing pathways that will not change under baseline 
Operable Unit 1. The fourth pathway is not a contributor to cumnt exposure but could be a major 
SOUKX of transport and exposure in the future. 
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potential contaminant transport pathways'is discussed in detail in the Operable Unit 1 

Assessment Report (Appendix D of the Operable Unit 1 RI report) which is 
the next section The reader should refer to the baseline risk assessment for 

ation about each of these pathways, the associated transport mechanisms, and the 
e environment media or receptors. 

1.2.5 Baseline Risk Assessment 
of concern in current potential exposures associated with 

k assessment has determined that the risks of fatal cancer from 
um from Operable Unit 1 are: 

of sediment by children 
on of groundwater contaminated by surface water mnoff 

3 x 10' from inhalation of airborne emissions 

The estimated combined risk of cancer unde 
risk is not within the acceptable lifetime 
40CFR300 Subpart E. 

nt potential exposure conditions is 3 x lo*. This 
range of 1 x lV to 1 x lob as specified in a 

Future exposures under current land-u 
irrigated with groundwater contaminat achate. The reasonable maximally exposed 
(RME), which is at the southeastern FMPC property bounda 
radiocarcinogenicity and a 1.4 x lo" risk of chemical carcho 

Fume exposures under future land-use conditions from the 
that is located adjacent to Opeable Unit 1. The risk to this 
and 9.8 x lo7  for chemical Carcinogenicity. 

de ingestion of groundwater and food 

a 2.5 x 10' risk of 

water pathway involve an RME 
is 1.0 for radiocarcinogenicity 

1-20 
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2.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

development and screening of the technologies and process options used 
s for remediation of Operable Unit 1. The steps involved in this 

Develop media-specific RAOs 
Develop media-specific general response actions 
Identify and screen remedial technologies within each general response action 

rocess options within each technology 

In the case of Ope 
concern; therefore, a 

ral response actions aR similar for each medium of 
eneral response actions was used to determine technologies and 

phs discuss the process of identification and screening of 
technologies. 

2.2 REMEDIAL ACTION OBJECI'IVES 

RAOs are contaminant-specific, medium- 
ment (EPA 1988a.b). thus they are an in 
alternative to achieve an acceptable risk 
and Feasibilitv Studies Under CERCLA 
so specific that the range of alternatives 

RAOs are normally determined on the basis of the results of 

objectives must address the contaminants of concern and the 
identified in the Operable Unit 1 Baseline Risk Assessment. 
is divided into operable units. the opera 
the site-wide risks. 

for protecting human health and the environ- 
evaluating the ability of a remedial 

tives should be as specific as possible but not 

sk assessment. The 

a situation where a site 

The goal of the FMPC RI/FS is to manage risks from a site-wide perspective. 
preliminary RAOs are being developed before the completion of site characteriz 
wide risk assessment, it is difficult to quantify how an individual operable unit 
site risk; therefore it is difficult to apportion risk levels among operable units. 
not known how many operable units contribute chemical "x" via exposure path 
II n 
2. 

2- 1 
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The interim policy for developing RAOs is to limit the risk from a single operable unit to an action 
percent of the total allowable risk. This interim procedure ensures that a single 

will not "use up" all of the allowable risk for the site. Twenty-five percent was 
wable risk from a single operable unit because the FMPC is being managed as 

rable units and a single environmental medium operable unit. Effort is underway to 
re structured approach for determining operable unit-specific RAOs. For example, 

appomonment could be based on the percentage that an operable unit contributes to the total mass 
of a contaminant estimated to be at the site. Thus, if Operable Unit 1 contains 75 percent of the 
total mass of con d at the site, Operable Unit 1 will be apportioned a proportional 
amount of the total 

When characterizati 
the 25 percent distri 
operable unit-specific RAOs. It should be noted that at a site such as the FMPC where ongoing 
characterization activities will take place for several years, CERCLAdnven RAOs may not 
necessarily be synonymous with "final cl 
report to indicate the interim action level 

As stated in the preamble to the Natio 
(NO) (EPA 1990a). chemical-specific 
remediation goals for the operable unit. Where ARARs do not exist for a constituent, risk-based 

operable units and the site-wide risk assessment-are complete, 
reevaluated and appropriate adjustments will be made in the 

els." Henceforth, the term RAO is used in this 
nt of the allowable site-wide risk. 

dous Substances Pollution Contingency Plan 
used to the degree possible to determine 

cleanup goals will be developed. 

2.2.1 Point of Compliance 
For each operable unit at the FMPC, the point of compliance 
compliance is the geographical location at which the RAO m 
waste sites, the point of compliance is the nearest identified receptor location for each exposure 
pathway. 

cntified. The point of 
achieved. At most hazardous 

The baseline risk assessment for Operable Unit 1 identifies two major human ex 
current land-use exposures and future potential land-use exposures. The current 
the site is based on the assumption of current security control measures (e.g., fencin 
access, security measures, etc.). These controls a x  assumed to remain in place 
required by DOE Order for Radioactive Waste Management (5280.2A). After 100 years, it is 
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assumed that no security control m e a m  can be relied on for protection of human health. Under 
nditions, the point of compliance under current exposure conditions would be the 

boundary. However, to be health protective in developing RAOs once security 
res are lost after 100 years, the point of compliance becomes the boundary of the 

ble Unit 1, it must be demonstrated that alternatives for remediation achieve a i h m e  
radiation RAOs at a point adjacent to the waste unit/operable unit boundary. The point of 
compliance for mee 
boundary of the w 
where a future m e  
point that runoff fro 
the location of the i 
proposed RCRA regulations. 

ater RAOs is at a point in the Great Miami Aquifer at the 
point of compliance for soil is a point adjacent to the waste pits 
ct the soils.  he point of compliance for surface water is the 
nit 1 enters Paddys Run, and the point of compliance for air is 

um exposed individual. These points are consistent with 

2.2.2 Contaminants of Concern 
Not all chemicals identified during site s 
assessment evaluated contaminants and ex 
impacts on human health. Those con 
exposures were designated contamin 

se significant health risks. The baseline risk 
ways to ascertain their present and future 

d with significant current and future 
are listed in Table 2-1. 

The relative hazards associated with hypothetical exposures 

constituents from Operable Unit 1 vary with the remedial alte 
radiological risks tend to be greater for most alternatives and 
with the hazardous components in the waste pits cannot be ne 
risk assessment for Operable Unit 1 discusses the magnitude 
in greater detail. 

e and hazardous chemical 
ed. In general, the 

ut the risks associated 
'cases. The baseline 

lative importance of these risks 

The development of RAOs is concurrent with the identification of A M s ,  whic 
Appendix D. In the case of the FMPC, ARARs may need to be interpreted in relati 

operable unit. The 25 percent may need to be adjusted if a single operable unit contains multiple 
* r '  
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TABLE 2-1 

CHEMICALS OF CONCERN FOR OPERABLE UNIT 1 

UraniUm 

Soil Uranium 

Sedimentlsurface u 

Groundwater 

Pit wastes 

..... 

2-4 000048 
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sources or exposure pathways. For Operable Unit 1, however, the waste pits are considered a 
a 

single source. 

n identified for the control of airborne emissions, airborne radon, and for some of 
tituents that may reach the groundwater. These chemical-specific ARARs are 

-2. In the case where both a maximum contaminant level (MCL) and a proposed 
a constituent, the proposed MCL is used to develop the RAO. 

2.2.4 Remedial Action Obiectives Based on Risk Criteria 
For several waste pit 
based on several sou 
reference doses (RfDs) 

levels in water 
1989). Briefly, the using the following steps: 

MCLs or proposed MCLs exist. In this case, the RAO is 
mation. EPA provides guidance on using toxicity-based 

ope factors (CSFs) (EPA 1990) to determine acceptable intake 
ethod is similar to the manner used to develop MCLs @PA 

Determine the acceptable daily intake, or RfD, for noncarcinogens based on dose 
response data and appropriate safety factors 

Determine the acceptable risk le 

Determine the acceptable water 
kilogram adult drinks two lit 

[(c mg/L)(2 liter/day)lDO kg ay), for noncarcinogens or . 

n (c) based on the assumption that a 70- 

[(c mg/L)(2 liter/day)ylO kg = (acceptable risk lev 
carcinogens 

Apply any site-specific or operable unit-specific ntribution factom. 
The acceptable risk level of carcinogens as speci 
proposed subparts of RCRA regulations state that 
chemicals and pathways should not exceed lo-'. 

is W t o  106. The 
tal site-wide risk from a l l  

Nonradioactive chemicals of concern for Operable Unit 1 are inorganic or organic substances that 
are chemical toxicants via the oral intake route. Therefore, RAOs are based on RfDs, not on CSFs. 
RfDs for calculating acceptable water concentrations are found in the IRIS database 
and in the Health Effects Assessments Summary Tables (EPA 199Oc). 

FERjOUl -1 S/SA.150-2/l% 10-90 2-5 
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TABLE 2-2 

(Except Airborne 
Radon-222) 

Radon-222 Emissio 

Radiation Dose Li 
(All Pathways) 

Chemicals or 
Radionuclides in Barium 4.00 mg/L 
Drinking Water Cadmium c0.01 mglL 

. . . . . . . . 

Chromium 4.05 mg/L 

Chemicals 
in Drinking 
Water 

Chemicals in Surface 
Water 

Applicable 

To Be 
Considered 

Applicable 

40CFR6 1, 
Subpart Q 

DOE Order 
5400.5 

40CFR141.11 
OAC3645- 
81-11 

Trichlomethene c0.005 m@ 

Barium 4 . 0  mg/L 40CFR Parts 
Cadmium ~ 0 . 0 0 5  mg/L 141,142, 143 
Chromium 4 . 1  mg/L Proposed 
Selenium ~0 .05  mg/L 

Ethyl benzene c0.7 mg/L 
Pentachlorophenol 4 . 2  m@ 
Tetrachlomethene c0.005 m@ 
Toluene d . 0  mg/L 
Xylenes <lo mg/L 

Arsenic <48pg/L To Be 
Beryllium 4.3pg/L 
Cadmium <1.1@ 
Chromium <11pg/L 
Copper <12pg/L 

Rule 

Considered 

2-6 
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TABLE 2-2 
(Continued) 

DDT <O.Oolpg/L 
Lead <3.2pgJL 
Mercury <O.OlZpg/L 
Nickel < 160pg/L 

. . . . . . . . . . . . . . . . 

To Be 
Considered 

4OcFR13 1.2 1 
Quality Criteria 
For Water 

2-7 
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2.2.5 Summary of h r a b l e  Unit 1 Remedial Action Obiectives 
relevant media associated with Operable Unit 1 are summarized in Figure 2-1. As 
of the RAOs for Operable Unit 1 are based on chemical-specific ARARs. Risk- 
sing the chemical-specific RfD had to be developed for five inorganic metals for the 
thway. RAOs for each medium are briefly summarized below. An RAO that must 

mss all media is that total cancer risk from carcinogenic chemicals be within the 104 
set forth in the NCP and RCRA requirements that suggest that the total site risk meet a 

104 goal. The goal for noncancer hazards is 25 percent of the allowable Hazard Index (HI). The 
HI is the ratio of th of a noncarcinogen to the allowable intake or RfD. An HI 
greater than one ind 

2.2.5.1 Pit Waste 
The qualitative RA 
migration of the waste pit constituents to the surrounding environmental medium. 

xposure may be unacceptable. 

aste are to prevent direct contact with the waste and to prevent 

2.2.5.2 Air 
Two ARARS have been considered applic 
Parts 102 and 192. Part 102 allows a 10 
nuclides except Rn-222. Twenty-five pe 
operable unit. Part 192 requires that 

rable Unit 1 airborne emissions: 40CFR61 
dose limit to the public for all airborne 
mit, 2.5 mrem/year, is the limit for each 

single source cannot exceed 20 pCi/m2-s. 

2.2.5.3 soils 
The qualitative RAOs for soils surrounding the waste pits are 
and to prevent soil constituents from migrating to surface wat 

2.2.5.4 Sediment 
The RAOs for sediment are based on the same criteria used to determine RAOs for soil. 

irect contact with soils 
, and groundwater. 

2.2.5.5 Surface Water ..... 

Chemical-specific RAOs for surfam water are listed in Table 2-3. These RAOs 0 

protect aquatic life in surface waters and are based on fresh water chronic exposure c 
ambient water quality. 

2-8 
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TABLE 2-3 

REMEDIAL ACTION OBJECTIVES FOR PROTECTION 
OF AQUATIC LIFE IN SURFACE WATERS 

Acceptable Water FMPC Action Level for 
Concentration a Single Operable Unit' 

@g/L) (Pg/L) 

Arsenic 
Cadmium 
Beryllium 
Chromium 

DDT 
Lead 

. . . . . .  . . .  19ob 
l.lb 

5.3b 
1 lb 

12b 
O.OOlb 
3.2b 

47.5 
0.28 
1.325 
2.57 

3 
2.5 x lo' 

O X b  
0.003 
40 

Mercury ......... 

Nickel 
Parathion 
PCBs 
Pentachlorophenol 
Selenium 
Silver 
Zinc 

0.00325 
0.0035 
3.25 
9 

0.12 0.03 
1 lW 27.5 

Twenty-five percent of ARAR. 

bsource: USEPA, Office of Water Regulations and Standards, 1986, "Quality Criteria for Water 1986, 
(Chronic Exposure)," EPA 440/5-86-O01, Washington, D.C. 

'Hardness dependent criteria (100 mg/L used) 
........ 

dSource: USEPA, Office of Solid Waste and Emergency Response, 1990, " 

Compliance with Federal Water Quality Criteria (Continuous Concentration)," 
Washington D.C. 
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2.2.5.6 Groundwater 
Waste pit constituents may leach into the regional aquifer sometime in the future. RAOs for 

a 
cify that MCLs specified in 40CFR141 should not be exceeded due to migration of 

nts into the regional aquifer. Chemical-specific RAOs for groundwater are listed 
gh 2-6. 

RESPONSE ACTIONS 
General response actions describe actions that will satisfy the RAOs. General response actions may 
include treatment. con 
combination of these. 
Figure 2-1. 

vation, extraction, disposal, institutional actions, or a 
p of the general response actions to the RAOs is shown in 

2.3.1 No Action 
The no-action alternative is re 
which other alternatives will be evaluated. In the no-action alternative, Pits 1 through 6, the 

Clearwell, and the Bum Pit would be left "as i 

throughout the FS process as a comparative baseline against 

2.3.2 Institutional Actions 
Institutional actions include access controls 
reduce the volume, mobility, or toxicity o 
exposure pathways and the resultant risk to the public. 

a 
g. Although institutional actions do not 
y can be helpful in reducing direct 

2.3.3 Containment 

. . . . . . . . . . . . . . . . . . . . . . . 

One method of reducing the risk to the public is by reducing th 
such mobility, the waste must be separated from the primary 
surface water, groundwater, and biological and mechanical me e isolation of the waste would 
be accomplished by the installation of surface and subsurface barriers to either block or redirect the 
transport mechanism away from the waste. This containment of the waste can be done by run- 
odrunoff controls, capping, subsurface flow control, or any combination of these. 

2.3.4 Remov al/Diswsal 
A general response action of removaVdisposal was considered and rejected for Operabl 
The removal/disposal option would consist of simply removing the waste from the pits 
hydraulic, pneumatic, or mechanical means and directly disposing of the waste to either an on-site 
or off-site facility. The removal/disposal option was rejected due to the high moisture content of 

f the waste. To reduce 
anisms including wind, 

@ 
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TABLE 2-4 

OPERABLE UNIT 1 
DWATER REMEDIAL ACTION OBJECTIVES FOR RADIONUCLIDES 

Drinking Water Concentration 
Componding to 4 mrem/yr 

FMPC Action Level for 
a Single Operable Unit' 

@Ci/L) (PCi/L) 

CS- 137 
Ra-224 
Ra-226 
Ra-228 
Ru- 106 
Sr-gob 

110 

15 

5b 
5b 
200 
8b 

27 
4 

50 

2 
Tc-99 3750 938 

Th-228 
Th-230 
Th-232 
u-234 
U-235 
U-238 

14 3 
2 

0.5 

.. . .  

* Twenty-five percent of ARAR or risk-based standard. 

Values listed are the Maximum Contaminant Levels (MCL 
(33141. Calculation of concentfations by the same method 
following values; Ra-226=4pCi/L, Ra-228=4pCi/L, Sr-90= 1 1 pCi/L. 

ionuclides as defined in 40 
radionuclides =suits in the 

. . . . , . . . 
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TABLE 2-5 

OPERABLE UNIT 1 
ATER REMEDIAL ACTION OBJECTIVES FOR INORGANIC CHEMICALS 

Acceptable FMPC Action Level 
Water for a Single 

Concentration Operable Unit! 
( m a )  (mg/L) 

Arsenic 0.05 0.0125 
BariU 5 .O 1.25 
Beryllium 8.1 X 10" 2 x 10" 

Cadmium 0.005 0.00125 
Chromium 0.1 0.025 

Cobalt' - - 
Copper 1.3 mg/L HAd 1.3 0.325 
Lead 0.05 0.0125 
Manganese 7.0 1.75 
Mercury 0.002 0.0005 
Nickel 0.1 0.025 
Selenium 0.1 0.025 
Silver 0.05 0.0125 
Thallium O.ooOo7 mg/kg/d RfD 0.00 o.Ooo5 
Vanadium 0.007 mg/kg/d RfD 0.2 0.05 
Zinc 0.2 mg/kg/d RfD 7.0 1.75 

a MCLs and PMCLs from 40cFR141.11 or 40cFR141, 142, 143; RfDs and CSFs from Health 
Effects Assessment Summary Tables, EPA 1990. 

Twenty-five percent of AFUR or of risk-based standard 

No MCL, PMCL. IUD. or CSF has been developed by EPA 

Drinking Water Health Advisory (HA) 

EPA is considering a substantially lower number 
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the waste in the pits. To avoid large quantities of leachate generation, the free liquids are removed 
waste is solidified. For this reaSOn the removaVdisposal response action by itself is 

Figure 2-1. . 

sposal response action is, however, a viable response when combined with treatment 

2.3.5 Containmenflreatment 
The containment 
related process optio 
and subsurface flow 
response action. Th 
toxicity, mobility e present in and around the pits. Thq in situ treatment would 
consist of any one of a variety of chemical and/or physical treatment methods. The combination of 
a treatment action combined with containment would further reduce the potential of a release from 
the facility. 

response action contains the same containment technologies and 
inment general response action (run-on/runoff control, capping, 

to the containment response action is an in situ treatment 
the in situ treatment response action would be to reduce the 

2.3.6 Remov aVTreatment/Di smsal 
The last general response action is simil 
added remedial technology of waste sta 
stabilization include the following: 

alldisposal general response action with the 
process options associated with waste 

Asphalt-based solidification in which asphalt is 
solidified 

e soil and waste and 

Cement-based solidification in which cement mixed with the waste 
and soil 

Thermoplastic encapsulation where polymers the waste and soil and 
solidified 

Vitrification in which high temperature crystallizatiordglassification of waste is 
performed in batch vitrifiers 

Activated carbon reagents option, which uses lime, fly ash, and m v  
reagents to stabilize the waste and soil 

The addition of the treatment component to the removddisposal action would 
problem of free liquids in the waste stream. 
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2.4 IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS . 

ve of this subsection is to identify and screen the technologies and process options. 
ntification and screening of technologies and process options can be accomplished. it 

identify the media, associated areas, and volumes to which response actions might 
e characteristics, volumes, and areas of Waste Pits 1 through 6, the Clearwell, and 

are included in Appendix C and Table 1-1. 

The following are the identified media: 

The stonn/surface water will be handled by the existing on-site water treatment facilities including 
the advanced wastewater treatment system 
actions. There is a plan to integrate the 
site-wide water treatment system. Due t 

contaminated water with high solid con 
system is proposed. If the site-wide w 
unit, this separate water treatment system and its associated c 
develop that the site-wide water treatment system can use so 

er modifications/applicable interim removal 
ent requirements of this operable unit into the 
uantities of soil, sediment, and accompanying 

al, self-sustaining modular water treatment 
accommodate the needs of this operable 

deleted. It may also 

posed pretreatment or 
other treaanent modules. In this case, the overall cost of the 
reduced. 

ent system will be 

Based on available infomation, media-specific potentially fe remedial technologies and process 
options were identified for each of the relevant response actions. These technologies were compiled 
by utilizing technologies described in various EPA documents as well as other applicable references. 
Each of these technologies and process options underwent an initial screening 
feasibility. The goal of the screening process was to reduce the original numbe 
technologies to a smaller and more workable number of individual technologies that 
considered applicable or appropriate for the various media. In this step, both 
entire technology types could be eliminated based on technical implementability crite 
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Information regarding site characterization, contaminant types, and contaminant concentrations was 
minate technologies and process options that were either not applicable or could not be 

effectively at the site. The results of the initial screening are shown in Figure 2-2. 

on Technology Issues discusses significant technical considerations that impact 
ologies, process options, and media. 

2.4.1 Screening Criteria 
The identification 
steps: 

f technologies and process options consisted of the following 

Os specifying @e contaminants and media of concern. exposure 
inary remediation goals that permit development of treatment 

is of chemical-specific ARARs, when available and other 
atives for remediation. The preliminary remediation goals were 

pertinent information (e.g., RfDs), and site-specific, risk-related factors. 

A review of the general response actions for each medium of interest defining 
containment, Veatment, exc 
combination. that could be 

ping, or other actions, singly or in 
f y  the remedial action objectives for the site 

Based on availab on of volumes or aEas of media to which 
taking into account the requirements of the 

The identificatio chnologies and process options applicable to 

general respons 
remedial action objectives 

each general response action and the elimination of those that could not be technically 

ical and physical characterization of the site 

implemented at the site 

2.4.2 Identification and Screening of Technologies 

control/containment, removal, treatment, and discharge. A summary of the screening process based 
on available analytical information is shown in Figure 2-2. The following secti 
discussion of this screening process. Technologies and process options that we 
implementable at the site are further evaluated in Section 2.5. 
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No Action 
on response was retained for consideration during the development and analysis of 

required by the NCP. The no-action response does not provide additional 
onitoring, or security activities at the site to further minimize risk to public health or 
t. The no-action response will be further evaluated as a baseline for comparison 

ematives for remediation. 
. . . . . . . . . . . . . . 

Institutional Actions 
The institutional a 
restrictions. Both are applicable for groundwater. Monitoring includes the use of 
existing wells or th 
performance of co 
releases from the mpliance monitoring. Use/access restrictions include access 
control and deed restrictions. Each of these actions is retained for further evaluation. 

r the groundwater medium include monitoring and use of access 

new wells. These well networks can be used to monitor the 
t systems for groundwater, to detect changes in contaminant 

The access control technology include 

Physical barriers such a , limited road access 
Administrative controls SUC access and posted signs 

0 
Process options for monitoring techno1 

Radon monitoring 
Wellpoint monitoring, involving the installation onitoring groundwater 
Leachate monitoring, which involves the install e collection and 
detection systems 

Containment 
The waste containment measures screened for the perched g um included primarily 
physical measurn that restrict contaminant migration and minimize potential impacts on receptors. 
The control and containment technologies evaluated include subsurface drains, pumping wells, 
capping, alteration of the natural drainage system, and vertical and horizontal ba 

Pumping wells, vertical barriers, and capping were retained for consideration for use 
uncontaminated perched groundwater from the aquifer for purposes of modifying gro 

patterns or to provide water for injection to direct flow away from receptors. 
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Process options retained in this section fall into the following three categories: 
Run-on/Runoff control process options: 

dimentation basin for the temporary storage of runoff to allow settling 
rface water routing controls for diversion and/or collection 
ding the topography for route control 

Vegetative cover to provide surface stability 

Category 11: Capping process options: 

Concrete-based cover in which a concrete slab is poured over the area of concern 
in which asphalt is poured over the area of concern 
hich only naturally occumng soils are used 

combines materials to fonn various layers 

Category 111: Subs ml process options: 

Slurry walls 
Groutcurtains 
Subsurface drains 
Pumping wells 

The process options eliminated from 
(by themselves). A detailed discussion 
Technology Issues. 

tion included sheet piles and synthetic liners 
g results is included in Section 2.4.3, 

Removal 
The technology retained for perched groundwater removal is 

used in extracting contaminated perched groundwater within 
treatment and discharge. The technology for removing the 
using conventional pumping equipment. 

lls. Pumping wells will be 

unit for subsequent 
r mentioned above is by 

Treatment 
The treatment response action included the technologies of biological, physical, 
chemical processes that reduce the volume, toxicity, or mobility of a contamin 
physical or chemical properties. 

A large number of technologies and process options considered in the initial s 
ineffective for removing uranium, which is the principal contaminant of concern, from the perched 
groundwater, standing water, or excavatiodremediation water. Only technologies applicable for 
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uranium removal were considered in the initial development and screening of alternatives. Aerobic 
bic biological treatment processes are ineffective for removing inorganic compounds, 

emical elements such as uranium. The processes of oxidation and chemical reduction 
ctive for treating uranium. Other treatment processes that are ineffective for the 
um contamination include solvent extraction and freeze crystallization. 

is uses electrical power and a membrane. It generates a concentrated reject stream 

er treatment. All of these technologies and process options have been eliminated at 
this phase of the study. The process of distillation was also eliminated because of the large volume 
of water requiring ximately 200 gallons per minute [gpm]) and the corresponding 
energy usage requi 

The potentially app options retained for uranium removal include biosorbant. 
absorption, precipi rdpolymerization, reverse osmosis, advanced membrane filtration, 
and ion exchange. Additionally, several treatment processes were found to be potentially applicable 
as ancillary pre- or posttreatment processes. These include dual media filtration, belt filter press, 
drum filter, sedimentation, biodenitrifi ization. These ancillary process options are 
not carried through the evaluation of pro and the assembly of alternatives but may be 
included during the detailed analysis of as necessary for the complete conceptualization, 
costing, and evaluation of a water trea r this operable unit. 

Discharge 
Discharge refers to the release of treated or untreated groun 
via a permitted outfall or to the subsurface environment via 
discharge to the Great Miami River via an existing or new 

consideration, as well as the use of pumping wells for reinje 
the aquifer. Each is considered potentially applicable for 
water to Paddys Run represents a variation of the discharge technology and will not be 

independently evaluated. 

r a surface water body 
ction. The options of 

been retained for 
ted groundwater back into 

The discharge of treated 

Remediation Water 
The previous sections provide a discussion of the rationale for elimination of nume 
and process options inapplicable for remediation of the water within this operable 

subsequent development of alternatives for remediation are presented in Figure 2-2. The general 
technologies retained for the groundwater medium include monitoring, use/access restrictions, 
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pumping wells, physicochemical and chemical txeatment processes, and discharge to surface water. 
response has also been retained and will be considered throughout the FS process. 

of technologies and process options 
entially applicable for remediation of site soils and sediments. This remediation 

contaminated soil that may be under 
and around the waste pits. Summaries of each process for both soil and sediments are presented in 

Figure 2-2 and are j 

No Action 
The no-action respo 
The no-action res 
the site to further minimize risk to public health or the environment. The NCP requires that the 

no-action response be carried through the detailed analysis of alternatives; therefore, it will not be 
eliminated at this stage. The no-action respo 
comparison with other remedial action alte 

in the following sections. 

e to the soils, sediments, and pit wastes as required by the Ne. 
ide additional remediation, monitoring, or security activities at 

'11 be further evaluated as a baseline for 
eloped for these media. 

Institutional Actions 
This general response action includes a 
access/use restriction response includes 
and use of the amas of concern. The implementation of this 
the existing site environment. Fencing may be applicable in 1 

Deed restrictions and land acquisitions are also considered for 
retained for further evaluation; however, land acquisition is eli 
contamination only within the FMPC boundary. 

ons for soils, sediments, and pit waste. The 
restrictions and will minimize access to 

result in no changes to 
s of soil contamination. 
Deed restrictions will be 

ause data have shown soil 

Containment 
The containment response is applicable for both soils, sediments and pit wastes. 
containment remedial technologies evaluated for these media include vertical ba 
surface water control systems. 

Vertical baniers, considered for the pits, can be used to divert groundwater flo 
contaminated area and/or to isolate the waste. Vertical barriers, such as a sluny wall, are camied 
forward for further evaluation. 
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olves the installation o a barrier over the surface of the contaminated area. Capping is 
n m l  erosion, prevent the generation of leachate due to surface water infiltration, and 

al contact Capping techniques considered for evaluation include single-layer and 

areas of concern for both soils and sediment. Single-layer caps may include the use of concrete or 
asphalt. Clay or soil caps are applicable only to soils. Multilayered caps are a regulatory 

inate possible direct and indirect exposures to the contaminants via inhalation, 

s. The single-layer cap is potentially applicable for some types of contaminants and 

requirement for mix s waste. 

Surface water con 
erosion and off- 
the use of divers 

to minimize contamination of surface waters by reducing the 
of soils that have been contaminated. This technology includes 
systems, grading, and site revegetation. Because these are 

considered support actions, they are not can id  further in the evaluation of process options but will 

be included, as necessary, during the detailed evaluation of alternatives. 

Removal 
Complete or partial removal of contamina 
potential receptors. This can be a m m  
the case of contaminated sediments an 

prevents migration of contaminants toward 
ither mechanical excavation equipment or, in 

edging equipment. 

Mechanical excavation involves the use of common constructi 
dozer to remove the soil or sediments. These methods are 
sediments not in contact with surface waters. 

such' as backhoe or 
le for soils, waste, and 

The mechanical removal technology involves the following 

Backhoe, tractor- or wheel-mounted 

Loader/oozer, which includes wheel- or tractor-mounted excavation vehicles 
Crane with clamshell system, which uses tractor-, wheel-, or skid-mounted hoisting 
system 
Conveyor system, which uses belt-type conveyor to excavate mate 

Dragline system excavating bucket pulled across waste 

The hydraulic removal technology involves using a mining jetting ring and p 

cutterhead. 
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The pneumatic removal technology includes the following process options for the remediation of 

Pneumatic/oozer dredging, which is an in situ removal/pumping system 
Airlift dredging, which uses expanding air to pull material behind it 
Vacuum with cuttehead, which uses negative pressure to displace the material through 

Treatment 
The treatment options include biological, chemical, physical, physicochemical, solidifi- 
cation/stabilization, 
contaminant by alte 
sediments are discu 

easures that reduce the volume, toxicity, or mobility of a 
or chemical properties. Applicable technologies for soils and 

The three techniqu 
remediation of organics; however, they do not address the uranium contamination found at the site. 
All biological mtment  methods will therefore be deleted from further consideration 

ediation, soil aeration, and land farming are suitable for 

In situ vitrification was evaluated as a tec 
In this process, a high current of electric 
heat generated will drive off any volatil 
into a glassy, solid matrix resistant to d 
may be feasible for soils. 

Physical treatment technologies are applicable when the pro 
make them amenable to separation, replacement, or volatilizat 
technologies were screened for soils and sediments: 

r the chemical treatment of soils and sediments. 
through the contaminated media in situ. The 

unds and water and will solidify the soils 
weathering or leaching. This technology 

ontaminant compounds 
llowing physical treatment 

................. ................. 
Vapor extraction 
Volatilization 
Gravimetric separation 

Vapor extraction and volatilization are applicable for volatile organics only and 
uranium; therefore, these options were deleted from further consideration. The proce 
gravimetric separation uses a pulsating sieve to separate materials by density 
a fluid media. Because uranium compounds tend to fall out in the most dense fracti 
be a viable option for minimizing the waste requiring subsequent disposal. It is retained for further 
evaluation. 
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cal treatment process of soil washing was evaluated for the treatment of 
. Soil washing involves the extraction of organic and inorganic compounds from 

by leaching. Soil washing may be viable for the removal of soluble uranium 
d is retained for further evaluation for both the surface soils and sediments. 

Solidification/stabiation involves techniques to seal the contaminated soils and sediments in a 
solid, stable mass that reduces the mobility of the contaminants in the environment. Some of these 
techniques physicall contaminant pamcles with a solidifyrng agent. Others chemically 
fix the contaminants ith a solidifier. The following solidificationhtabilization 
techniques were revi ent of the excavated surface soils and sediments: 

Vitrification 

These technologies are suitable for solidifying or fixing either inorganic wastes or radioactive 
materials. All will be retained for further 
based and thermoplastic technologies may 
because the presence of organics may i 

If any organics are found at the site, cement- 
application for pretreatment of the waste 

e solidification or fixation process. 

Thermal treatment is a process in whic 
altered through thermal decomposition and oxidation. The e 
include carbon dioxide, elemental carbon, ionized halogen, ph 
depending on the original composition of the waste material. 
evaluated for on-site thermal treatment of surface soils and s 

ing of organic or inorganic compounds is 
this process typically 
fur, and other inorganics 

ng process options were 

Thermal desorption 
Mobile incinerator (rotary kiln) 

......... ................. ................. ................. ................. ................. ................. ................. ................. 

These thermal matment methods are not applicable to soils and sediments contaminated by 
elemental metals such as uranium and will therefore be deleted from further ev 
treatment technology but may be used as an ancillary process to remove organics be 
stabilization. 

On-prODertv Dismsal 
Disposal technologies include physical measures (other than in situ) that will provide a permanent 
preengineered environment to restrict contaminant movement or migration thus minimizing potential 
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impacts on a receptor. For this screening process, an on-property landfill has been defined as an 
isposal facility designed to meet established federal and state regulations. On-property 

ntarninated soils and sediments is considered applicable and has been retained for 

rty disposal technology contains the following process options: 

Above-grade vault, which is an engineering facility built above ground level 
Below-grade vault, which is an engineering facility built below ground level 

r interim on-property storage 
trenches, which are nonstructural disposal units 

Off-Site DisDosal 
sumed to be practiced at existing facilities that are approved by 

atory agencies, such as the EPA. For this screening process, 
an off-site landfill has been defined as a preengineered disposal area that meets the applicable 
regulations. Off-site disposal of contaminated soils and sediments are retained for further 
consideration. 

Based on the rationale presented in the 

deleted from further consideration. Figure 2-2 presents the te 
that have been retained for further evaluation and for subsequ 
alternatives for soils and sediments, nxpectively. The retaine 
sediments include accessbe ~strictions, capping, exmction, 

other site-specific conditions and have been 
and related process options 

ent of remedial action 
es for both soils and 

phase of the Fs. 

2.4.2.3 Initial Screening: Air (FuPitive Dust) 
This section includes a discussion of the initial screening of technologies and p 
considered potentially applicable for air and fugitive dust emissions. Summarie 
and process options are presented in Figure 2-2 and are jointly discussed in 
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No Action 
on response is applicable to air (fugitive dust) as required by the NCP. The no-action 

not provide . .  additional remediation, monitoring, or security activities at the site to 
risk to public health or the environment. The NCP requires that the no-action 
ed through the detailed analysis of alternatives; therefore, it is not eliminated at 

e no-action response will be further evaluated as a baseline for comparison with other 
remedial action alternatives developed for air. 

Institutional Actions 
This general respo 
restriction response 
of the areas of con 
remediation techno1 

es accesshse restrictions for air (fugitive dust). The accesshse 
cquisition and deed restrictions and minimizes access to and use 
Victions and land acquisitions are not retained as stand-alone 

gitive dust could travel beyond any realistic site boundary. 

Containment 
The containment response is applicable for 
technologies evaluated for this media incl 
StfllCtlllW. 

dust. Major control and containment remedial 
, dust suppressing agents, and containment 

For fugitive dust mitigation, only the si 
for further evaluation because it is adequate to conml fugitive dust and much less complex to 

retained as a representative process option 

construct than the multilayer cap. 

Removal 
Because the source of contamination in air is fugitive dust fro 
possibly exposed sediments, the technologies retained for rem 
as those retained for the removal of contaminated soils and sediments. 

ce of the waste pits and 
ontaminants are the same 

Treatment 
The treatment response action for air (fugitive dust) is the same as for soils, sed 
wastes. The technologies and process options retained for the treatment of the 
pit wastes are the same as those for the Veatment of fugitive dust. 
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On-ProDertv Dimsal 

disposal technologies and process options for fugitive dust axe the same as those for 

sal technologies and process options for fugitive dust are the same as those for soils, 
sediments, and pit waste. 

erous technologies and process 
icable to uranium or other site-specific conditions and have been 
Figure 2-2 presents the technologies and related process options 

uent development of remedial action 
alternatives for air (fugitive dust). The retained technologies for fugitive dust include accesshse 
restrictions, capping, extraction, physical and physicochemical treatment, solidificatiodstabdization 
techniques, and landfilling. The no-action 
be considered as a remedial action altema 

\ 

options were judged 
deleted from further 

has also been retained for both media and will 

next phase of the FS. 0 
2.4.3 Technolorn Issues 
Based on the remedial action techno10 
the technology issues presented in the 
screening impact on the development of remedial action alte 
under each of two general topics: nommoval issues and rem 
identifies the assumptions required to define site conditions in 

odology defined in Sections 2.4.1 and 2.4.2, 
have been assembled to provide maximum 

issues are addressed 

2.4.3.1 

The exclusive use of naturally occuning materials for the cap, such as aggregates (sands/gravels) 
and clay, versus synthetic drainage layers (geotextiles) and flexible membrane li 
evaluated. Description of technologies can be found alphabetically in Appendix 

Decision Factors 
The critical decision factors used in evaluating this technology issue are maten 
gevity, and ability to construct: 

Material availability - All materials, whether naturally occurring or synthetic, are 
readily available from regional vendor sources with the possible exception of clays 

a 
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capable of achieving an inplace vertical permeability of 1 X lo' centimeters per 
second. However, if the specified clay is not readily available, i t  can be produced 
from indigenous, sandy site soils mixed with bentonite without any special technology 
or significant cost increase. 

gevity - The main advantage to the exclusive use of naturally occumng materials 
ongevity. If the waste is s~ucturally stabilized to minimize future consolidation 

and the cap properly constructed and maintained, the service life performance can be 
expected to greatly exceed that of synthetic materials. Geotextiles and FMLs have a 
relatively short documented performance history of approximately 30 to 40 years 
depending on material composition. In addition past experience has shown that FMLs 
are more dramatically impacted by certain environmental stresses, such as root and 

netration. which can further reduce the useful service life. 

e placement of synthetic drainage layers and FMLs can 
and reduce cost. However, Fh4Ls specifically have 
during construction, if not carefully protected during 

abon operations. An FML cannot be leak tested during 
period of drainage layer installation. All cap components, both 

nmrally occurring and synthetic materials, q u i r e  that extensive quality 
assurance/quality control (QA/QC) programs be initiated during and after remediation. 

Screening Results 
Although geotextiles and FMLs may be 
materials should be relied on as a long- 
lOCFR61.7(b)(5) may require minimizi 
providing structural longevity for i n n  
multiple liner caps that rely on synthetic components are scr 

layer, five-foot-thick roller compacted concrete intrusion bam 
aggregate filter blankeVdrainage layer design. 

tate natural materials placement, no synthetic 
t. Present regulatory criteria such as 

ses in excess of 500 years. Therefore, 
rther consideration. The 
izes a four-foot-thick clay 

mbination two-foot natural . 

The generic use of in situ physical stabilization treatments versus no in situ treatment before closure 
cap placement is examined in the following section. Examples of in situ physic 
treatments include surcharging, dynamic compaction, vacuum extraction, vertical al- 
low soil mixing. Description of technologies can be found in Appendix A. 

Decision Factors 
The critical decision factors used in this technology issue evaluation are short-/long-term closure cap a 
structud integrity and discharge of waste/soil matrix pore water into the groundwater: 

. I' . . , . ., _. . .  
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Closure cap structural integrity - Although the Clearwell and Pits 5 and 6 will require 
removal and treatment of the standing waters, the CIS data indicate that most pit 
wastes are extremely wet and compressible. As the closure cap is placed, the induced 
load will initiate waste compression (consolidation). Dependent on factors such as 
oral cap weight, time to construct., water content of the waste, and porosity of the 

rrounding pit soils, the cap may experience considerable settlement for years after 
mpletion. This extended settlement period will require considerable cap 

maintenance and possible reconstruction efforts. Therefore, the potential exists for 
increased worker and public exposure to the pit contaminants because of infiltration of 
storm water through the waste. In time, the waste will achieve stability relative to 
the sumunding environment and the closure cap will become structurally stable. 
However, if the waste is fully or partially stabilized during remediation, as in 

the need for future cap maintenance, repair, and the associated 
ced. One method of physical stabilization, surcharging, is shown 

water - As the waste consolidates under the cap loads, pore 
out of the waste/soil matrix into the surrounding pits soils and 

undwater table. As discussed in the short-/long-term closure 
decision factor, waste consolidation may be experienced for 

years after the completion of cap construction. This may lead to the long-term 
introduction of contaminated pore water in the till groundwater table and potentially 
the Great Miami Aquifer. Ph stabilization of the pit wastes before cap 
placement would minimize, to tent practical, the introduction of contaminated 
pore water into the groundw 

Screening Results 
The generic use of in situ waste stabili red to no stabilization, will minimize the 
potential of long-term exposure to the environment and the general public because of a reduction in 
leachate @ore water) introduced into the groundwater. In add al stabilization will more 
effectively provide long-term closure cap structural stability, future maintenancehepair 
costs and potential worker exposure. 

2.4.3.3 

Decision Factors 
The critical decision factors used in this technology issue evaluation are public 
environmental protection. Dynamic compaction, as defined in Appendix A, invo 
40-ton-weights from heights of 20 to 100 feet, resulting in compaction of s 
wastes and soils. Although this technology has been proven effective and 
stabilization technique, it can produce seismic-type vibrations radiating out from the 
Depending on distance from impact (wave form attenuation), soil/waste being compacted, and 

heightheight of drops, nearby structures may experience physical damage ranging from minor 
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cracking to structural failure. The K-65 silos of Operable Unit 4 are located immediately south of 
. The structural integrity of the K-65 silos was examined (Camargo 1985; BNI 1990); 
ndicated that the silos are in a deteriorated state with little or no remaining service 

failed or were damaged during nearby dynamic compaction efforts, radon gas 

d or unintended silo release would negatively impact public health and increase 
ntly stored radium and thorium-bearing ores could be released into the environment. 

worker exposure risks, as well as increase overall FMPC environmental remediation costs. 

Screening Results 
Because of the s 
tion) using dynami 
K-65 silos with res releases to the environment. This would negatively affect 
public health ction. Therefore, dynamic compaction should only be 
considered if the K-65 silos have been remediated or removed before implementation of the 
compaction. 

ted condition of the K-65 silos, in situ densification (stabiliza- 
uld cause vibratory-induced structural damage to the 

Decision Factors 
The decision factor used for this techn 
overlooked in the old Task 12 Report, specifically a shallow 
a method of mixing soils or sludges with dry or fluid treatm 
stabilized end p d u c t .  SSM can mix soils and sludges of v 
dry soils to fluid sludges, to depths of 30 feet or more. Exc 

SSM) technique. SSM is 
to produce a solidified or 

contents, ranging from 
1 through 4 and the Bum 

production and/or site surface soil sediments. Therefore, Pits 5 and 6 and the Clearwell are 
acceptable candidates for SSM, although preliminary field testing may be required to verify and 
specify mixing requirements. For a more complete evaluation, see Appendix A 
Technologies. 

Screening Results 
SSM is added to the potential physical stabilization options uniquely applicable 
the Clearwell. 

2-39 
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2.4.3.5 Removal Technolorn Issue 1: Off-Site Waste Distmsal - TruckinP Versus Railroad 
... TRUiSDOrt 

Public health and environmental safety- As discussed in Appendix A, Description of 
Technologies, off-site waste disposal by truck or rail transport (with installation of a 
suitable spur line) can provide portal-to-portal service between an assumed disposal 

However, preliminary occupational and public risk calculations, 
ury/fatality statistics (Table 2-7), found that shipping by truck 

tly greater risk to public and worker safety (Table 2-8). The 
miles required by rail to deliver 2,000,000 cubic yards of waste 

,000,000 miles required by truck transport. Therefore, the 
tential for accidents becomes greater, as noted from the 

Cost - The following evaluation is based on vendor source information and excludes 
waste handling, packaging, decontamination, and general contract management fees. 

- Rail 
Assumed rail spur ins $40,000,000 
Transport (1,848,000 mi $348,000.000 

Total cost $38 8 ,000,000 

- Truck 
FhPC to waste dis ,OOO,OOO miles) $485,000,000 
Return trip (277,000,000 miles) 

Total cost 

Political acceptance - While local opposition sh 
vansportation required to implement off-site dis challenged in numemus 
local political jurisdictions along the proposed 
unacceptable site cleanup delays. However. it that political liabilities associated 
with rail transport would be less than truck transport based on public health issues, 
including: number of trips, inspection and selection of routes, and general public 
perception of transport safety, specifically during inclement weather. 

rtation route, creating 

Screening Results 

..... 

Based on the preliminary risk assessment, the extremely large difference in waste 
as the varying degree of political liability associated with transport modes, truck 
as a viable off-site technology option. Therefore, only direct rail transport and r a  
truck transfer station near the disposal site are retained for further consideration. 

2 4 0  
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2.4.4 Site Condition Assum~tions 
. g assumptions are used until more operable-unit-specific data become available. 

Assumption 1: For costing purposes, an approved waste disposal facility is assumed 
to be available in the westem United States at a 22Wmile distance from the FMPC. 

Assumption 2: When considering the extent of contaminant migration into the 
surrounding pit soils, the following shall be considered contaminated: 
- A five-foot-wide remediation buffer around the outer perimeter of the Operable 

Unit 1 pits and/or their respective berms. This buffer will be extended to 10 feet 
horizontally on the southwest side of the operable unit area because of assumed 

w in the glacial till cap. 

pits to the top of the sand and gravel unit 
Miami Aquifer (estimated elevation 548 feet MSL) 

e source term definition (i.e., the quantity of both radiological and 
wastes) will be based on the statistical 95 percent confidence 

9 Assumption 4: Pits 1 through 6, the Clearwell, and the Bum Pit are classified as 
radioactive waste. Regarding hazardous wastes, Pit 4 has been determined to contain 
mixed waste. The balance of e Unit 1 wastes contains hazardous constituents 
that do not necessarily cause te to be designated as mixed waste. 

(Figure 2-2). This evaluation process leads to this selection 
type of technology. These evaluations were based upon eng 
Figure 2-5 presents the results of evaluating the process optio 

2.5.1 Screening Criteria 

ntative process option for each 
ent and not detailed analysis. 

these criteria were applied only to the technologies and the general response actions that they were 
intended to satisfy; they were not applied to the site as a whole. However, this evaluation process 
primarily focuses on effectiveness factors with less emphasis on the implement 
A description of each evaluation criterion used in developing Figure 2-5 follows. 

evaluations. 

2 4 3  
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2.5.1.1 Effectiveness Evaluation 
process options that have been identified under one type of technology in Section 2.4 were 
effectiveness based on the following: 

The potential effectiveness of the process option for handling the estimated a m  or volumes 
of media and meeting the RAOs 

The potential impacts to human health and the environment during the construction and 
implementation phase 

The reliability of the process option as it relates to the contaminants and conditions at the 

As per the EPA R Document, evaluation of process options based on implementability was 
tiveness evaluation. The implementability evaluation includes both the 

technical and administrative feasibility of implementing a process option. Because Section 2.4 has already 
screened process options based on technical implementability, the implementability evaluation in this 
section places greater emphasis on the insti 
factors such as the availability of skilled 

for off-site actions; and the availability 

2.5.1.3 Cost Evaluation 
In general, evaluation of process optio 
evaluation. Momver, the costs were based on engineering j 
as to whether costs are high, low, or medium relative to o 

aspects. Examples of institutional implementability are 
implement the process option; ability to obtain permits 
of treatment, storage, and disposal facilities. 

was not weighed as heavily as the effectiveness 
ach process option was evaluated 
ons in the same technology 

248 
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3.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES 

PMENT OF ALTERNATIVES 
n alternatives have been assembled by combining the selected representative process 
ped in Section 2.0 into alternatives representing possible cleanup remedies for 

t 1. The alternatives were developed to address identified problems in Operable Unit 
1 with respect to the specified RAOs. Guidance for the development of these alternatives was 
obtained from the following sources: 

A 
Interim Final Guidance for Conducting Remedial Investigations 
es Under CERCLA 

As recommended b 
as related to site-specific conditions, were considered during remedial action alternative 
development. 

The selected process options discussed in 
alternatives for initial screening as shown 

surface soils, and pit waste are combine 
formulate the alternatives are applicable 
unit. The alternatives were formulated by combining the most 
the most feasible actions for other media such as water and fu 
remediation. In some cases, more than one process option wa 
type if there were sufficient differences in performance such 
represent the other (e.g., stabilization versus vitrification). 
necessary additions or refinements to these alternatives. The six alternatives developed for the 
initial screening process for the Operable Unit 1 remedial action are as follows: 

dance Document and the NCP, acceptable engineering practices, 

have been assembled into six remedial action 
1. The remedial actions for sediments, 

chnologies and process options used to 
media, and they are best addressed as a 

Vsediment actions with 

represent a technology 

ains flexible for any 

Alternative 0: No Action 
Alternative 1: Nommoval, slurry wall, and cap 
Alternative 2: Nommoval, physical stabilization, slurry wall, and 
Alternative 3: Nommoval, vitrification, and cap 
Alternative 4: Removal. waste treatment, and on-property disposal 
Alternative 5 :  Removal, waste Veatment, and off-site disposal 

3- 1 
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To better quantify specific details, the following areas were developed for each alternative: 

Size and configuration of on-property extraction and treatment systems and 
containment structures 
Remediation time frame and treatment rate 
Spatial requirements for constructing treatment containment structures or support areas 
Packaging and transportation quirements for disposal options 

The remediation time frame is interdependent on the size and configuration of the alternatives as 
well as worker protection concerns. Based on best engineering judgment, these four factors were 
considered in the gn of each alternative. Two or more options weR selected for 
some alternatives rable variation because of size and/or configuration. 

A detailed descri e alternatives is included in the following sections. 

3.1.1 Alternative 0 - No Action 

3.1.1.1 DescriDtion 
This alternative is the no-action alternati 
of any removal, treatment, containment, technologies. This alternative requires one 
well installation, perpetual site mainten 

purpO=- 

waste will remain without the implementation 

oring. It provides a baseline for comparison 

3.1.2 Alternative 1 - Nonremoval. Slum Wall, and CaD 

3.1.2.1 DescriDtion 
The first nonremoval alternative for Operable Unit 1 is intend 
environment and to minimize the generation and release of 
Great Miami Aquifer. This includes the removal and treatment of any standing water, subsurface 
flow control measures, construction of a closure cap, and stonn water runoff and run-on control 
measures. The subsurface flow control measures combine a slurry wall, subsu 
temporary groundwater extraction system. 

the waste from the 
achate to the underlying 

a 

The following technologies are applicable to this alternative (Figure 3-1): 

Removal and treatment of standing water - Pits 5 and 6 and the Clearwell have 
standing water requiring treatment by a water treatment plant constructed for use 
during the Operable Unit 1 remediation or, if available, a site-wide water treatment 
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plant. The treatment plant process systems include clarification, filtration, carbon 
adsorption, ion exchange, and reverse osmosis. The treatment plant will also process 
all contaminated water generated by other aspects of this remedial alternative, 
including groundwater. 

Subsurface flow control - The subsurface flow control technologies will minimize the 
horizontal groundwater flow through the Operable Unit 1 area. These technologies 
are shown in Figure 3-1 and may consist of the following: 

- A soil or cement/bentonite partial slurry wall placed around the north. east, and 
south of the Operable Unit 1 area. The slurry wall will be installed through the 
surficial till layer into the underlying Great Miami Aquifer. The sluny wall will 
di m the perched water table around the enclosed area. 

eter vertical drains consisting of selected natural granular 
laced upgradient from the slurry wall. The vertical drains will 

rd movement of the till groundwater, lowering the water table 
of 15 feet below the bottom of the pits into the more 

ying Great Miami Aquifer. The perimeter drains are intended to 
intempt and divert uncontaminated perched groundwater and prevent it from 
coming in contact with the waste. The drains would be placed outside areas of 
contamination. 

- Temporary groundwater lower the groundwater table inside the slurry 
(plume) control and reduction of the water 
aste. These wells will be removed and 
umed that the withdrawn water is 
require treatment before discharge. 

grouted shut before ca 
contaminated to some 

foot natural aggregate ot-thick vegetative 
layer design. However, the cap design will be 
intrusion barrier consisting of a five-foot-thick 1 
placed between the clay and drainage layers. 
additional long-term waste isolation benefits i 

- Protection against ina - Protection against general biological intrusion through the clay layer 
- Protection against severe wind and rain induced erosion. due to the loss of 

institutional control, by providing an armored surface over the 

All cap elements and layen will be contoured to grades that prom 
minimizing the effects of storm water erosion and any minor am0 
waste pit subsidence. For additional details, see Figure 2-3. 

How realignment - The objective of flow realignment is to perm 
away from a zone of contamination or to minimize destructive water er 
damaging a critical natural or engineered feature. As presently configured, Paddys 
Run is the main drainage channel for the western portion of the site originating just 
north of the FMPC, flowing to within 150 feet of the west side of Operable Unit 1, 

3-7 
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and continuing south to the Great Miami River. Construction of the closure cap 
finished contour grades will require intruding on the present streambed location. 
Therefore, meeting the stated objectives on a long-term basis will require partial 
relocation and recontouring of Paddys Run. 

RunoWrun-on control - Runoff control features remove storm water from the operable 
unit area, and run-on control features direct storm water away from the closed facility. 
RunofVrun-on control can be accomplished by using site contour grading, vegetation, 
diversion and collection ditches, as well as various physical devices including silt 
traps and sedimentation basins. 

ation, and compaction equipment 
ater extraction system 

ng lo’ centimeters per second vertical permeability 
and environmental monitoring program 

Decontamination facilities 
Short- and long-term runoff/ 

Partial relocation of Paddys Run 
Water treatment facility and water supply 

3.1.2.3 Size and Configuration 
The following is a listing of the appro 
remediated pits. 

numbers of the various components of the 

closure cap 
Slurry wall (3-foot wide) feet deep = 210,000 

Subsurface drains ter, 40 feet deep 

3.1.2.4 Remediation Time Frame 
Remediation will take approximately two years from the initial staging of construction equipment 
and water treatment to the final capping of pits and completion of Paddys Run realignment. 

. 

3.1.2.5 Spatial Reuuirements 
The spatial requirements are as follows: 

Staging area for construction material and equipment - 5.0 acres 
Ofice and field laboratories - 0.5 acre 
Decontamination facilities - 0.5 acre 
Wastewater treatment system - 0.5 acre 

FERIOUl-lS/SA.lSW/lZl~90 3-9 
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3.1.2.6 Packaging/Transoo nation Reauirements 
portation requirement identified is transporting the fill, aggregate, and clay closure 

inated miscellaneous equipment and job control waste will be generated 
and disposed of under the closure cap. 

.. ... 

p m s s  is to promote the densification of the waste in a controlled manner, which will minimize 
the potential for long-term waste settlement and the release of contaminated waste pit water into the 
underlying Great Miami Aquifer. The futu 
(settliig) will be correspondingly reduced 

tenance of the cap due to waste consolidation 
sly discussed in Section 2.4.3. 

This nonremoval alternative isolates the 
generation and release of contaminated 

e environment thus minimizing the 
derlying Great Miami Aquifer. This is 

accomplished by removing and treating any free standing water, in situ waste stabilization, 
consmction of a closure cap, storm water runoff and run-on 
flow control features including slurry walls, subsurface dra 
Placement of a closure cap will require the partial flow reali 
technologies an: presented in the order in which .they appe 

ures, as well as subsurface 
rary groundwater wells. 
ddys Run. The following 

Removal and treatment of standing water - Pits 5 and 6 and the Clearwell have 
standing water requiring treatment by a water treatment plant constructed specifically 
for use during the Operable Unit 1 remediation or a site-wide water treatment plant if 
available. The treatment plant process systems include clarificatio 
adsorption, ion exchange, and revene osmosis. The treatment p 
a l l  contaminated water generated by other aspects of this remedi 
including groundwater. 

Subsurface flow controI - The subsurface flow control technologies w 
horizontal groundwater flow through the Operable Unit 1 area. The 
are shown in Figure 2-3 and may consist of the following: 
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- A soil/bentonite partial sluny wall placed amund the north, east, and south of the 
Operable Unit 1 a m .  The slurry wall will be installed through the surficial till 
layer into the underlying Great Miami Aquifer. The slurry wall will diven the 
flow from the local water table around the enclosed area. 

- A series of perimeter venical drains consisting of selected natural granular 
materials may be placed upgradient from the slurry wall. The vertical drains will 
facilitate the downward movement of the till groundwater, lowering the water table 
elevation a minimum of 15 feet below the bottom of the pits into the more 
permeable underlying Great Miami Aquifer. 

dwater wells will lower the groundwater table inside the slurry 
both contaminant (plume) conml and reduction of the water 
with the in situ waste. These wells will be removed and 
capping. It is assumed that the withdrawn water is 

some degree and will require treatment before discharge. 

- CIS data indicate Pits 5 and 6 and the Clearwell exclusively 
plant production and/or surface soil sediments, whereas Pits 1 

through 4 and the Bum Pit contain actual or assumed quantities of dnuns, 
construction rubble, and/or miscellaneous site debris. Pits 1 through 6 have a 
subsurface moisture content that varies from 20 to 60 percent. Therefore, specific in 
situ stabilization techniques 
area to minimize the potenti -term waste settlement, future cap maintenance, 
and release of contaminated water into the surrounding subsoils. 

- Shallow soil mixing 

eloped for various pits within the operable unit 

Because of the absen , as described in 
n technology for 

unt of standing water 
ciated pore water into 

competence and an 

- Surcharging (overburdening) 

O-foot-thick soil 
overburden as sh ement, a series of 
leachate @ore water) collection trenches, sumps, and/or well points will be 
installed in the surface of Pits 1 through 4 and the Bum Pit. All collected 
leachate will be processed in the remedial water matment plan 

After the pit waste has achieved the required compaction go 
laboratory tests and verified by field monitoring, the ovehurdeni 
removed to design-specified contour elevations. 

Capping - After completion of the contour grading, a multiple la 
be installed. The cap will be constructed, as described in Appe 
minimum four-foot-thick low permeability clay layer, a combination two-foot natural 
aggregate filter blanketldrainage layer, and a two-foot thick vegetative layer design. 
However, the cap design will be modified to incorporate a biological intrusion barrier 

3-1 1 
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consisting of a five-foot-thick layer of rollerampacted concrete placed between the 
clay and drainage layers. The intrusion barrier will provide additional long-term waste 
isolation benefits including: 

- Protection against inadvertent human intrusion into the waste 
- Protection against general biological intrusion through the clay layer 
- Protection against severe wind and rain induced erosion, due to the loss of 

institutional control, by providing an annored surface over the clay layer 

All cap elements and layers will be contoured to grades that promote drainage while 
minimizing the effects of storm water erosion and any minor amounts of residual 

ce. For additional details, see Figure 2-3. 

objective of flow realignment is to permanently redirect flow 
ntamination or to minimize destructive water erosion from 

atural or engineered feature. As presently configured, Paddys 
nage channel for the western portion of the site originating just 
flowing to within 150 feet of the west side of Operable Unit 1, 
to the Great Miami River. Construction of the closure cap 

finished contour grades will require intruding on the present streambed location. 
Therefore, to meet the stated objectives on a long-term basis will require partial 
relocation and recontou 

Runof4run-on cont s remove stom water from the operable 
unit area while run-on 
facility. Runoff/run-on accomplished by using site contour grading, 
vegetation, diversion 
including silt traps and se 

direct storm water away from the closed 

well as various physical devices 

3.1.3.2 System Reuuirements 
This alternative will require: 

Temporary groundwater extraction system 

Decontamination facilities 

Soils for surcharging 

Earth moving, excavation, and compaction q u i  

Clay capable of achieving lo' centimeters per 
Long-term maintenance and environmental mo 
Partial relocation of Paddys Run 
Water treatment facility and water supply 
SSM system with air treatment 

Short- and long-term runoff/run-on control 

3.1.3.3 Size and Confinration 
The following is a list of the approximate sizes and numbers of the various co 
remediated pits. 

3-12 
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closurecap 1,693,000 square feet 
3500 feet x 60 feet = 210,000 square feet 
10 each, 3 feet diameter, 40 feet deep 

241,000 square feet (pits 5 and 6 and Clearwell) 
488,000 square feet (Pits 1 through 4 and Bum Pit) 

Subsurface drains 
In situ physical stabilization 
treatment areas 

3.1.3.4 Remediation Time Frame 
Remediation will take approximately two years from the initial staging of construction equipment 
and water treatment ping of pits and completion of Paddys Run realignment. 

on material and equipment - 5.0 acres 

Wastewater matment system - 

Office and field laboratories - 0.5 acre 
Decontamination facilities - 0.5 acre 

3.1.3.6 
The only transportation requirement iden 
components to the site. 

rting the fill, aggregate, and clay closure 

3.1.3.7 Waste Generated . .  .. 

Minor amounts of contaminated miscellaneous equipment and 
and disposed of under the closure cap. 

aste will be generated 

3.1.4 

3.1.4.1 DescriDtion 
This altemative is similar to Alternative 2 in that a waste immobilization step h 
into the nonremoval scenario. However, the solidificatiodstabilization step now 
tion technology rather than the physical stabilization technologies called for under 
second important difference is that the subsurface conml measures are not included 
altemative. The reason for this exclusion is that the resultant vitrified mass should 
future release of contaminated water from the waste thus eliminating the need for subsurface flow 
control. Capping will prevent rain water from coming in contact with the vitrified mass and 

3-13 

. .  



FMPC-0115-2 
December 10.1990 

immediately surrounding partially vitrified soils, provide run-on and runoff control of surface water, 
irect human, animal, and plant contact with the mass. 

technologies make up the components of this alternative (Elgure 3-1). 

Removal and treatment of standing water - Pits 5 and 6 and the Clearwell have 
standing water requiring treatment by a water treatment plant constructed specifically 
for use during the Operable Unit 1 remediation or a site-wide water treatment plant if 
available. The treatment plant process systems include clarification, filtration, carbon 

and revem osmosis. The treatment plant will also process 
nerated by other aspects of this remedial alternative, 

Vitrification of the waste pits would be accomplished by placing 
redetermined grid points across the pits. Elecuical energy 

d until a temperature above 16OOoC is achieved and the soil is 
s. The process would be repeated at adjacent soil blocks 

until the entire site was treated. 

An off-gas treatment system would be used to collect and treat gases generated by the 
vitrification process. The off- 
treatment system, which wo 
(2) pH controlled scrubbing 
dewpoint control), (5) parti 

Upon cooling, an obsidian 
microcrystalline structure), 
properties. The silicate gt le relative to environmental exposure and 
will hold a wide variety of materials in nonleachable form. 

Capping - After completion of the contour gradi 
be installed. The cap will be constructed, as de 
minimum four-foot-thick low permeability clay 
aggregate filter blanket/drainage layer, and a tw 
However, the cap design will be modified to i 
consisting of a five-foot-thick layer of roller-co 
clay and drainage layers. The intrusion bamer 
isolation benefits including: 

would be collected by a hood and drawn into the 
the following unit processes: (1) quenching, 
ring (mist elimination), (4) heating (for 
n, and (6) activated carbon adsorption. 

onolith results (silicate glass and 
excellent structural and environmental 

- Protection against inadvertent human intrusion into the waste 
- Protection against general biological intrusion through the clay 1 
- Protection against severe wind and rain induced erosion, due to 

institutional control, by providing an annored surface over the 

AU cap elements and layers will be contoured to grades that pro 
minimizing the effects of stom water erosion and any minor 
waste pit subsidence. For additional details, see Figure 2-3. 

Flow realignment - The objective of flow realignment is to permanently redirect flow 
away from a zone of contamination or to minimize destructive water erosion from 
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damaging a critical natural or engineered feature. As presently configured, Paddys 
Run is the main drainage channel for the western portion of the site originating just 
north of the FMPC, flowing to within 150 feet of the west side of Operable Unit 1, 
and continuing south to the Great Miami River. Construction of the closure cap 
finished contour grades will require intruding on the present streambed location. 
Therefore, to meet the stated objectives on a long-term basis will require partial 
relocation and recontouring of Paddys Run. 

RunofUm-on control - Runoff convol features remove storm water from the operable 
unit area while run-on conml features direct storm water away from the closed 
facility. RunofVrun-on convol can be accomplished by using site contour grading, 

n and collection ditches, as well as various physical devices 
d sedimentation basins. 

3.1.4.2 

excavation, and compaction equipment 

Water mtment  facility and 
In situ vitrification and off-g system 
Decontamination facilities 
Short- and long-term m o  1 

Clay capable of achieving IO' centimeters per second vertical permeability 
Long-term maintenance and environmental monitoring program 
Partial relocation of Paddys R 

3.1.4.3 Size and Confirmration 
The following is a listing of the approximate sizes and numbe 
remediated pits. 

ous components of the 

Closure cap - 44 acres 
In situ vitrification treatment area - 16 acres (pi 
Pit) 

6, Clearwell and Bum 

3.1.4.4 Remediation Time Frame 
Remediation will take approximately two years from the initial staging of construction equipment 
and water treatment to the final capping of pits and completion of Paddys Run 

3.1.4.5 Spatial Reauirements 
The spatial requirements are as follows: 

Staging area for construction material and equipment - 5.0 acres 
Office and field laboratories - 0.5 acre 
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Decontamination facilities - 05 acre 
Wastewater treatment system - 0 5  acre 

transporting the fill, aggregate, and clay closure 

3.1.4.7 Waste Generated 
Minor amounts of 
and disposed of und 

iscellaneous equipment and job control waste will be generated 

3.1.5 

3.1.5.1 DescriDtion 
This alternative is htended.to completely remove the pit waste and dispose of it in an engineered 
on-property disposal facility. This pro 
waste removal, waste segregation, treatme 

oval and treatment of standing water, 
disposal (see Figure 3-1). 

There arc two waste removal techno10 
sludges, including water content and th 
and/or mechanical dredging technologi 

Pits 1 through 4 and the Bum Pit co 
rubble, and/or miscellaneous site debris. Therefore, as descri 
segregation activities will require m 
a separate facility for dnun handling. sampling, and treatment 

nding on the physical nature of the pit 
ding surface water, hydraulic dredging 

nuns, construction 
dix A, extensive waste 
, and balers, as well as 

After segregation, the remaining sludge material will be treated before disposal. Depending on the 

amount of organics present in the pit sludges, the process options selected for fu 
include drying and/or vitrification and dewatering and stabilization. These pmce 
described in Appendix A. 

Any water not utilized by the waste (sludge) treatment technologies will be pro 
veatment plant constructed specifically for use during Operable Unit 1 remediation or a site-wide 
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water treatment plant if available. The technologies under review for the water treatment plant 

Reverse osmosis 

If future sampling or treatability studies determine that the organic contaminants are of a type or 
concentration that ental effect on the stabilization process, the process would 
have to include a s r destroy these organics. After Veatment, the resultant waste 

porary holding area to either a tumulus or series of above- 

disposal facility will be retained as the representative process 
grade structures, as ix A. Although both the tumulus and above-grade stxucture 

option. The reinforced concrete roof of the above-grade structure will function as the cap intrusion 
barrier component. 

As with all on-property disposal technologi 
regularly scheduled monitoring, and facilit 
specified postclosure period. 

3.1.5.2 Svstem Reuuirements 

ing in situ stabilization, a properly designed site. 
ce programs will be required throughout some 

a 

This alternative will require: 

Waste removal equipment 

On-property storage facility 
Miscellaneous sewice utilities 
hpcess plant facility 
Decontamination facility 

Waste segregation facility 

Long-term maintenance and environmental monit 

Water treatment facility and water supply 

Earth moving, excavation, and compaction equipment 

Short- and long-term nmoff/run-on control 
Drum handling facility (provided by the FMPC in conjunction with 
activities) 

It is assumed that the plant has no existing excess capacity for sludge or wastewater 

a 
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3.1.5.3 Size and Confirmration 

Vitrification - 1300 cubic yards of vitrified waste per day, lOO,OO(hquare-foot 
treatment facility 

Cement stabilization - 2200 cubic yards of stabilized waste per day, one-acre 
treatment facility 

3.1.5.4 Remediation Time Frame 
Remediation will take approximately six years from the initial staging of equipment to final 
backfillingofthepi 
construction/startup, excavation and treatment, and one year for final closure). 

fication or physical stabilization is used (based on one year 

3.1 5 5  
The spatial require 

Offices and field laboratory - 0.5 acre 
Decontamination facilities - 0.5 acre 
On-property treatment, pack process facility - 1.0 acre 
Staging area for supplies an 
Engineered disposal facility - 150 acres 
Treated waste transfer statio 

oving equipment - 5.0 acres 

. . . . . . . . . . . . . . . . . 
Wastewater matment plan 

3.1.5.6 Packagin$VIYansmrtation Reauirements 
There will be an on-property ueatment/packaging facility to 
storage, and theR will be on-property transportation requirem 

property storage. 

3.1.5.7 Waste Generated 
Any equipment that is too contaminated to warrant decontamination will be considered waste and 
will be sent to an appropriate disposal facility. Wastewater from remedial activities will be treated 
before release. 

aste for on-property 
the mated waste to on- 

3.1.6 Alternative 5 - Removal, Waste Treatment. and Off-Site Dimsal 

3.1.6.1 DescriDtion 
This alternative is the same as Alternative 4 in al l  ways except the final disposal of the mated 
waste is at an approved off-site disposal facility. 
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oval technologies, s o b g  technologies, and on-property treatment and packaging 
tions are the Same as those for Alternative 4. 

used for the stabilization p m s s  will be processed by the wastewater treatment plant 
peciftcally for use during Opemble Unit 1 remediation or a site-wide water treatment 

plant if available. The technologies under review for the wastewater treatment plant include: 

Clarification 

3.1.6.2 
This alternative will require: 

Waste removal equipment 

On-site temporary waste st 
Earth moving, excavation, 
Decontamination facility 
Miscellaneous service uti1 
Construction of a rail spu 
Process plant facility 
Waste segregation facility 
Short- and long-term em 

Wastewater treatment facility and a water supply 

approved off-site waste disposal facility 

Drum handling facility (provided by FMPC is 
activities) 

ith general plant 

It is assumed that the plant has no excess capacity for sludge 

3.1.6.3 Size and Configuration 

ter treatment. 

Vitrification - 1300 cubic yards per day, 100,OOO-square-foot production facility 
Cement stabilization - 2200 cubic yards per day, one-acre production facility 

3.1.6.4 Remediation Time Frame 
Remediation will take approximately six years from the initial staging of equipment 
filling of pits if either vitrification or physical stabilization is used (based on one ye 
consauction/startup, four years of excavation and treatment, and one year for fin 
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3.1.6.5 SDatial Reuuirements 
quirements are as follows: 

Offices and field laboratory - 0.5 acre 
Decontamination facilities - 0.5 acre 
On-site treatment and packaging facility - 1.0 acre 
On-site short-term storage area - 5.0 acm 
Staging area for supplies and earth moving equipment - 5.0 acres 
Treated waste transfer station - 2.0 acres 

3.1.6.6 
See Appendix B. 

ntaminated will be considered waste. 

3.2 INITIAL SCREENING OF ALTERNATIVES 

a 3.2.1 Screening Criteria 

3.2.1.1 Alternative Evaluation Process 
The refined alternatives are evaluated a 
term), implementability, and cost. Because this evaluation should reduce the number of alternatives 
that will undergo a more thorough and extensive analysis, alte valuated more generally 
in this phase than they will be during the subsequent detailed Per the methodology 
of OSWER Directive 9355.3-01 (CERCLA Guidance Docume 
Situ," and "Removeflreat" alternative will be camed forward 
Alternatives Phase. The no-action alternative is retained as a 
alternatives are compared. The detailed analysis will subject the remaining alternatives to nine 
specific criteria and their individual factors rather than the three general criteria used in the 
alternative screening process. The relationship between the scmning criteria an 
analysis evaluation criteria is illustrated in Figure 3-3. During the initial scree 
only the three broad criteria ("effectiveness." "implementability," and "cost") a 
However, per CERCLA guidance, preliminary consideration is given to the 
promtion of human health" and "compliance with ARARs") and five prim 
("long-rem effectiveness and permanence," "reductions in toxicity, mobility, and volume through 

treatment," "short-term effectiveness on health and environment," "implementability," and "cost"). 

d criteria: effectiveness (short and long 

one "No-Action," "In 

a 
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Per the CERCLA Guidance Document, only similar alternatives are compared in the evaluation and 
s. The in situ Alternatives 1, 2, and 3 will be compared as a general class of 

waste removal Alternatives 4 and 5 will be compared as another general class. 
used for this evaluation process assigned each alternative a score from 1 to 5 ,  with 

y favorable and 1 rated as unfavorable. 

3.2.1.2 Effectiveness Evaluation 
A key aspect of the screening evaluation is the effectiveness of an alternative in protecting human 
health and the envi 
meeting the RAOs, 

dition to determining the effectiveness of the alternative in 
will be evaluated for its effectiveness in achieving reductions in 
short- and long-term effectiveness were evaluated with the 
ediation (construction) period and the long term refening to short term refe 

3.2.1.3 Imdementabilitv and Reliabilitv Evaluation 
Implementability is a measure of both the 
operating, and maintaining a remedial acti 
ity of an alternative to be adapted to sit 

The technical feasibility evaluation co 

d administrative feasibility of constructing, 
ve. It provides a means of evaluating the abil- 

Construction 
Operation 
Regulatory requirements 
Maintenance 
Monitoring 
MateriaVequipment replacement 
Ongoing ueatment and/or monitoring 
Discharge/emission/disposal 

The technical reliability of each alternative was also evaluated to determine the 
technical problems associated with implementation could lead to schedule delays 

The administrative feasibility evaluation considered the following: 

Permitting and licensing approval 

Availability of equipment 
Availability of on-property/off-site treatment, storage, and disposal services 

Availability of design, operating, and support personnel 
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3.2.1.4 Cost Evaluation 
ations were prepared for each alternative to allow a relative comparison between similar 

This analysis identifies alternatives that cost substantially more than a similar 

uation was based on a variety of costestimating data such as cost curyes, generic unit 
costs, vendor information, conventional costestimating guides, commercial remedial costs, and previous 
similar estimates as modified by site-specific information. 

Technologies are cl 
fonance data for 

vative if they are fully developed but lack sufficient cost or per- 

perfund sites. These technologies were camed through the 
to believe that they offered significant advantages in 

performance or implementability. The nature of innovative technologies is such that a relatively 
complete performance and cost evaluation is not possible at this time because of insufficient data. 

CERCLA provides virtually no guidan 
to a remedial action or to the criteria fo 
criteria and cleanup standards are add 

ific cleanup standards that should be applied 
ong remedial alternatives. Instead, selection 

tances Pollution 
Contingency Plan (Ne 1990). Selection criteria for choosin 
presented in Subpart E - Hazardous Substance Response [40 
(e)(2)(i)(A)(2) it is established that for known or suspected c 

edial actions are 
e)(9)]. In 40CFR300.430 
cceptable exposure levels 

beween 10' and 

actions must attain or exceed the ARARs in federal and state environmental and public health laws. 

Following is an analysis of the proposed ARARs to be used in evaluating the 
technologies and protectiveness features applied to the remediation of Operable 
proposed ARARs have been previously presented to the EPA and have been 
meetings. 
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Backmund 
Section 121(d) of CERCLA requires that at the completion of remedial actions, the site should 

el of conml that complies with federal and state environmental laws that are 
relevant and appropriate to the hazardous substances, pollutants, or contaminants at the 

e requirements are those "cleanup standards, standards of control, and other substantive 
q u h m e n t s ,  criteria, or limitations promulgated under federal environmental or state environmental 
or facility siting 
remedial action, loc 
standards identified 
be applicable" (4 

the site satisfied 

y address a hazardous substance, pollutant, contaminant, 
circumstance found at a CERCLA site. Only those state 

anner and that are more stringent than federal requirements may 
pplicable" implies that the remedial action or the circumstances at 

nal prerequisites of a requirement. 

If a requirement is not applicable to a specific release, it may instead be relevant and appropriate. 
Relevant and appropriate requirements are those "cleanup standards, standards of control, and other 
substantive environmental protection require criteria, or limitations promulgated under federal 
or state law that, while not "applicable" t ous substance, pollutant, contaminant, remedial 
action, location, or other circumstance at 
similar to those encountered at the CE 
(4OCFR300.5). However, in some ci 
for the site-specific situation. 

site, address problems or situations sufficiently 
their use is well suited to the particular site" 
uirement may be relevant but not appropriate 

Section 121 of CERCLA requires selection of a remedial acti 
and the environment. Such protectiveness, as determined by sessment. may not always 
be attained by the ARARs available in federal and state laws 
advisories, criteria, or guidance that were developed by EPA, gencies, or states are to 
be considered WC) in establishing RAOs that are protective of human health and the environment. 

rotective of human health 

es, nonpromulgated 

ARAR Identification Methodology 
The process for identifying ARARs and TBC material for Operable Unit 1 is o 
and is described below. 

The first step in identifying the ARAB for the site involved identifying the po 
action-, and location-specific requirements. The next step involved analyzing those requirements to 
determine if they were applicable. Figure 3-5 outlines the general procedure used for determining 
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0 if a requirement is applicable. For a requirement to be applicable, the site circumstances must meet 
all of the jurisdictional prerequisites of the requirement. Such jurisdictional prerequisites may 

Who, as specified by the statute or regulation, is subject to its authority 
The types of substances or activities listed as falling under the authority of the statute 
or regulation 
The time period for which the statute or regulation is in effect 
The types of activities the statute or regulation requires, limits, or prohibits 

e 

e 

W 

e 

W 

W 

e 

W 

W 

e 

If the requirement failed to meet any jurisdictional prerequisite, the requirement is not applicable. 
The analysis then er the requirement is relevant and appropriate. This process is 
outlined in Figure 
relevant or appmpri 

on factors used for determining whether a requirement is 

objectives of the statute and regulations under which the 
are similar to the specific objectives of the CERCLA action 

Whether the media regulated or affected by the requirement are similar to the media 
contaminated or affected at the CERCLA site 

Whether the substances regul 
found at the CERCLA site 

Whether the entities or inte 
interests affected by the 

Whether the actions or 
remedial action contemplated at the CERCLA si 

Whether the type of place regulated is similar t 
CERCLA site or CERCLA action 

Whether the type of structure or facility regulat 
facility affected by the release or contemplated 

Whether any consideration of use or potential use of affected resources in the 
requirement is similar to the use or potential use of the affected resoufce 

e requirement are similar to the substances 

or protected are similar to the entities or 

by the requirement are similar to the 

place affected by the 

the type of structure or 
A action 

Whether the purpose of the requirement in the program of its origin is served by its 
application at.the CERCLA site 

Whether any variances, waivers, or exemptions from the requirement 
the circumstances of the CERCLA site or CERCLA action 

ailable for 

If a regulatory scheme appeared to be relevant and appropriate, each provision in that scheme was 
reviewed to determine its relevance and appropriateness for the site. If an evaluation of a provision 
against these factors indicates that the site circumstances are "sufficiently similar" to the problems 
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addressed by the provision. then the ‘provision was selected as relevant and appropriate for 
evaluating remedial altemarjves. Otherwise, it was dropped from consideration. When the analysis 

determination that a requirement is &&I relevant and appropriate, such a requirement 
lied with to the same degree as if it were applicable. 

oes not exist or if it is insufficient to protect human health and the environment, then 
ce, proposed rules. or advisories developed or approved by federal or state agencies 

were analyzed for their pertinence in establishing a protective remedy. These materials, which are 
not legally binding, are classified as TBC materials. 

A complete list of 
unit are presented 
as well as the 
dash marks on T 
affected by the ARAR. 

and other materials that were initially screened for the operable 
. The requirement(s) of the ARARs or TBC material is presented, 

entation and the affected alternatives of this operable unit The 
at the particular alternative was evaluated and found not to be 

If a requirement is determined to be an AR 
CERCLA criteria for a waiver. Under S 
with an ARAR if one of the following 

ust be complied with unless it meets the 
d)(4) of CERCLA, EPA may waive compliance 

be demonstrated: 

The remedial action sel 
total remedial action th 
completed. 

Compliance with the requirement will result in 
environment than other alternatives. 

rim measure and will become part of a 
R level or standard of control when 

o human health and the 

Compliance with the requirement is technically from an engineering 
perspective. 

The remedial action selected will attain a stand 
to that required by the ARAR through the use of another method or approach. 

ance that is equivalent 

The state has not consistently applied (or demonstrated an intention to apply 
consistently) the promulgated &&irernent in similar circumstances 
actions. 

ial 

Attainment of the A M  would not provide a balance between the 
protection of public health or welfare and the environment at this si 
availability of Fund monies to respond to other sites that may p m e  
public health or the environment (for Fund-financed cleanups only). 
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3.2.2 Alternative 0 - No Action 

long-term level of human health protection provided by this alternative is extremely 
ut some sort of remedial action, continued contaminant migration is certain to occur. 

Therefore, th is  alternative rates a 1 in both categories. 

. . . . . . . . . . .  

The short- and long ness in this category rate the same as for the protection of human 

This alternative rates a 1 in this category, because there is no reduction in toxicity, mobility, or 
volume. 

a 3.2.2.2 ImDlementability 

Consmctibili t i  

..................... ........... 

......... ......... 
linor amount of construction required. 

Reli abdi tv 

This alternative rates a 1 in t h i s  category because existing co 
future releases from the unit. 

ot be relied on to prevent 

MaintenancdODeration 
Perpetual maintenance and monitoring will be required to ensure the unremediated site surface soils 
and pit benns remain functional. It is expected that maintenance will be extensive because of 
general and stream erosion on the west perimeter of the Operable Unit 1 area c 
precipitation at Paddys Run; therefore, this alternative rates a 1. 

Suecial Engineering. Euuimnent 
This alternative requires no special engineering, equipment, or technical expertise; the 
rated a 5 in this category. a 
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a 3.2.2.3 
Excluding any future potential remediation costs, the cost for this alternative is lower than any of 

remedial actions. The cost associated with long-term monitoring was estimated to be 

ve provides neither short- nor long-term protection for human health and the 
environment nor a reduction in contaminant toxicity, mobility, and volume. This, coupled with the 
unlikelihood of agency approval for a no-action alternative, provides an overall alternative ranking 
of 17. 

3.2.3 

3.2.3.1 Effectivenes 

Protection of Human Health 
This alternative was given ratings of 3 for 
health. Although this is a nonremoval acti 
not handling the material were offset by 
unstabilized waste. There are also long 
groundwater. As the waste consolidates 
the waste/soil matrix into the surrounding pits. soils, and ul 

Waste consolidation may be experienced for years after the co 

may lead to the long-ten introduction of contaminated pore 
potentially the Great Miami Aquifer. 

Protection of Environment 
The short- and long-term effectiveness of this alternative to protect the environment rates a below 
average score of 2. The rationale for this rating is similar to that for human health. Although the 
cap and slurry wall offer improvement over existing conditions. the concern over 
unstabilized waste containing high moisture content offsets these benefits. There 
probability for cap subsidence and failure as the unstabilized waste consolidates. 

and 2 for long-term protection of human 
quires minimal handling risks, the benefits of 

ciated with constructing a cap over moist 
ciated with potential discharges to 
loads, pore water will be squeezed out of 

cap construction. This 

till groundwater and 

0 

the groundwater table. 

* 
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Reduction in Toxicitv, Mobilitv. and Volume 
Alternative 1 was given a rating of 2 for its ability to reduce the toxicity. mobility, and volume of 

ction of a slurry wall and cap over unstabilized and untreated waste will reduce 
taminants but will do nothing to decrease the toxicity or volume of the waste. 

Constructibility 
This alternative was rated average (3) for constructibility. The equipment and technology required 
for installation of wall are available and proven. There may be some difficulty 
in constructing zed waste but they are primarily long-term performance 
problems. 

Reliability 
Altemative 1 was given a below average (2) rating for reliability. As previously discussed, there 
are concern about the structural integrity of the cap if placed over unconsolidated waste. 

Although the Cleanvell and Pits 5 and 6 removal and treatment of the standing waters, 
the CIS data indicate that most pit waste wet and compressible. As the closure cap is 
placed, the induced load will initiate w n (consolidation). Dependent on factors such 
as total cap weight, time to construct, the waste, and porosity of the surrounding 
pit soils, the cap may experience considerable settlement for years after completion. This extended 

settlement period will require considerable cap maintenance 

MaintenancdODeration 
Implementation of this alternative will require long-term pos 
The long-term maintenance will include mowing and care o 
prevent erosion and the natural vegetative succession to species whose mots could intrude into the 

cap. Monitoring will include groundwater and radon sampling. The cost of thi 
monitoring and maintenance is included in the cost estimate for the alternative. 

This alternative was given a below average rating on maintenance due to the re 
previously discussed in this section. If cap subsidence and failure occur due to 
the maintenance, and operation costs will increase significantly. 

construction efforts. 

ring and maintenance. 
cover of the cap to 

3-32 
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Smcial Ens!ineerinrr EQU iment 
This alternative was rated average (3) for the types of equipment required during construction. 

s altemative was rated low because it is a nommoval alternative and no waste 
recesses are being implemented. Total costs were estimated to be $205 million of 

million are capital costs and $66 million are O&M costs. 

3.2.3.4 Screening Summary 
As shown in Table 
and a low cost. 
over not stabilizing 
release of leach 

d of Section 3.0), this alternative was given a total score of 21 
IS in this alternative receiving a low score were the concems 

ter affected almost all of the rating criteria. 
the pits. Subsidence of the waste and the resultant cap failure and 

3.2.4 Alternative 2 - Nonremoval. Phvsical Stabilization, Slum Wall, and CaD 

3.2.4.1 Effectiveness 

Protection of Human Health 
This alternative offers the best short-te 
it is a waste nommoval alternative; 

of all the alternatives and rates a 4 because 
minimal waste handling risks. 

With dedicated maintenance and monitoring. the long-term 
However, this alternative rates a 3 in this category because 
containment techniques used will prevent contaminant migrati 

Protection of Environment 
The short- and long-term effectiveness in this category is average (3) because the positive 
environmental impact of Ileducing emissions from the waste pits is outweighed by the realignment 
of Paddys Run. 

Reduction in Toxicitv. Mobilitv, and Volume 
This altemative rates a 3 in this category because. even though the pit waste h 
volume and is relatively immobile because of compaction and the impermeable cap, 
not been treated except for SSM in Pits 5 and 6 and the Clearwell. 

an be maintained. 
to what extent the 

long term. 

~ 1 - 1 5 / S A . 1 5 0 4 / l 2 - 1 ~ ~  3-33 
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a 32.42  ImDlementabiliN 

This alternative rates a 4 in this category because of its relatively simple application and low 
probability of scheduling and operational delays. 

the remedial action, perpetual maintenance and monitoring will be 
continue to be met. The long-term maintenance will include 
e cover of the cap to prevent erosion and the natural vegetative 

toring and maintenance is included in the 

required to ensure 

succession to species whose roots could intrude into the cap. Monitoring will include groundwater 
and radon sampling. The cost of this 

cost estimate for the alternative. This alte tes a 3 in this category. 

SDecial Engineering Euuiument 
This alternative requires no special en 
therefore, it rates a 4 in this category. 

a 
ent. or technical expertise (except for SSM); 

3.2.4.3 
The cost of the nonremoval, physical stabilization, slurry w 
Total costs are approximately $1.24 billion of which $1.22 bi 
O&M cost. 

g alternative is low. 
and $20 million is 

.. . 

3.2.4.4 Screening Summary 
The advantages of this alternative axe the relatively simple and inexpensive implementation and the 
effective short-term protection of human health and the environment. The SSM 
solidify/stabilize the waste in Pits 5 and 6 and the Cleanvell. This alternative meets 
preventing ingestion or contact with the waste, preventing the release of airborn 
radon gas from the waste, and mitigating migration to surface or groundwater. 

The disadvantage of this alternative is that surcharging does not reduce the waste toxicity of any 
pits to which it can be applied. Because this is a containment and compaction technology, it ranks 
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0 below other technologies as a remedial treatment that permanently and significantly reduces the 
volume or toxicity of hazardous substances, pollutants, and contaminants. However, capping does 

duce the mobility of these contaminants by effectively minimizing the infiltration of 
ugh the pit waste. The requirement for future remediation is a possibility. This 
ives an overall ranking of 31. 

3.2.5.1 Effectiveness 

e (3) for its short-ten and long-term effectiveness in protecting 
tion should rate much higher for its protection of human 
about the vitrification process beiig able to reach the 30- to heal@. However, 

a f o o t  depths required for complete vitrification of Pits 3 through 6. 

Protection of the Environment 
This alternative was rated as average (3) 
environment. In situ vitrification is still 

applied at the depths required for Pits 
the pit bottoms was the reason for the 

rm and long-term ability to protect the 
unproven state of the art technology when 

possibility of having unvitrified material in 

Reduction in Toxicity. Mobility. and Volume 
Theoretically, if complete vitrifkation of waste occurs, there 
toxicity, mobility, and volume. This alternative was there 
on its theoretical ability to work. If the vitrification process 
waste in the pits, the potential for contamination of the gm 

ficant decrease in 

e average (4) based strictly 
ot reach the full depth of the 

3.2.5.2 ImD1ementabilit-y 

Constructibili tv 

Assuming the in situ vitrification process was technologically implementable, co 
verification of the completeness of melt could easily present significant problems causediby ., ........ 2 .... the 

... , ............ ...,. ........... ........... ,.... 

................ ................. ......... following: ........ a - 

Pits containing scrap metal. drums, or rebar could prevent proper installation of 
electrodes and cause pmblems such as electrical shorts. 

FERXIU1-15ISA.l504/lZ10-90 3-35 
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Electromechanical system breakdowns may provide only a partial melt. If this occurs, 
vitrification may have to be reinitiated in a cooled, semivitrified material. This would 
require reestablishing a new electrical conductance path (joule heat trench) into a 
partially or fully vitrified material. The process repairs may include drilling and/or 
air-hammer in a contaminated area, thus greatly increasing the exposure risks to 
workers. 

E d  QNQC verification for completeness of melt may require extensive and costly 
drilling into the solidified melt matrix. 

The vitrification process requires a large and efficiently vented off-gas collection 
system. In the event of vent system failure, the supexheated gases would be released 
to wokers would be exposed to various radiochemical and 
ch 

For these reasons, as rated below average (2) for constructibility. 

Reliabiiity 
Reliability for this alternative was rated below average (2) for the same reasons discussed under 
constructibility. 

Maintenance/ODeration 
Maintenance/operation for this alternativ 
discussed under constructibility. 

e 
low average (2) for the same reasons 

SDecial Engineering Eauiument 
Alternative 3 was rated below average (2) for special engin 
Vitrification is still considered an irniovative technology 

3.2.5.3 
Vitrification was rated average (3) for cost. Although lo 
vitrification requires specialized equipment and an off-gas treatment system that results in higher 
costs than other in situ treatment alternatives. Total costs are approximately $5 

$500 million is capital and $66 million is O&M cost. 

3.2.5.4 Screening Summary 
In situ vitrification is an unverified technology option and is difficult to verify 
Electromechanical and venting subsystem breakdowns may create both worker and environmental e 
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exposure risks that could far exceed physical 'stabilization risks. Therefore, in situ vitrification was 
given an overall rating of 24. 

... 

. . . . . . . . . . 

Protection of Human Health 
The short-term effectiveness of this alternative rates a 3 because this removal action involves the 
risk of a waste han during the removal, treatment, packaging, and transportation for 

alternative rates a 4 because the waste is mated before storage 
ajor population area. 

Protection of the Environment 
The short-term effectiveness of this altema 
risk of a waste handling accident during 
on-property disposal. 

The long-term effectiveness of this alte 
over a vulnerabIe aquifer near a major population center. 

a 3 because this removal action invoIves the 
, treatment, packaging, and transportation for a 

because the waste is mated before storage 

. . . . . . . . . . . . . . . . . . . . . . . . 

Reduction in Toxicity. Mobility, and Volume 
This alternative rates a 4 in this category because the waste i 
placed in an engineered disposal facility. However, perpetual 
required to maintain the disposal facility. 

stabilized or vitrified and 
and monitoring will be 

If vivification is used, there may be a 20 to 40 percent reduction in waste volume, and if physical 
stabilization is used there may be a 30 to 40 percent increase in waste volume. 
preliminary estimates. 

s are 

3-37 



December 10.1990 

3.2.6.2 Implementability 

... 

rates a 3.in this category. Although the removal methods, stabilization methods, 
disposal facility being considered are based on available and proven technology, the 

tion facility subsystems (Le., conveyor feeds and crusher/shredders) may present design 

Reliability 
This alternative rate of its greater complexity. There is a greater probability of 

Due to waste variabilities, vitrification and cement mixtures may 
require extensive a 

Following implementation of the remedial action, perpetual maintenance and monitoring will be 
required to ensure that RAOs are met. The long-term maintenance will include mowing and care 
of the vegetative cover over the engineered 
vegetative succession to species whose 
groundwater and radon sampling. This tter than Alternative 2, rates a 4. Less 
maintenance will be required to maintai 
in situ waste containment design. The 
following closure is included in the estimate for the altemativ 

facility to prevent erosion and the natural 
ntrude into the cap. Monitoring will include 

r an engineered disposal facility than for an 
ure monitoring and maintenance for 30 years 

Smcial Enpineering and Equipment 
This alternative rates a 3 in this category because of the rela 
processing equipment required. 

removal, segregation, and 

3.2.6.3 
The total cost of this alternative is approximately $1.24 to $1.80 billion, of which $1.22 to $1.78 
billion is capital cost and $66 million is long-term operating costs. 

3.2.6.4 Screening Summary 
The advantages of this alternative are its effective waste treatment and above-av 
effectiveness at moderate cost. Its primary disadvantages are its moderate short 
caused by risks associated with waste treatment and the reduced implementability caused by the relative 
complexity of the waste treatment processes. This alternative receives an overall ranking of 31. 

0 
3-38 
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3.2.7 Alternative 5 - Removal. Waste Treatment. and Off-Site Dimsal 

a 
. . . . . . . . . . . . . 

of this alternative rates a 2 in this category because this waste removal 
action involves the risk of a handling accident during the removal, treatment, packaging, and 
transportation for off-site disposal. 

The long-term effec 

packaging, the 
permanent disposal. 

s alternative rates a 5 because after treatment and appropriate 
d be shipped to an approved off-site waste disposal facility for 

Protection of the Environment 
The short- and long-term effectiveness of this alternative rates the same as for protection of human 

. . . . . . . 
health. 

This alternative rates a 5 as the waste the site. 

3.2.7.2 Implementability 

Construc ti bili ty 
This alternative is identical to Alternative 4 in this category. 

ReliabiliQ 
This alternative is identical to Alternative 4 in this category. 

Maintenance 
This alternative will require no perpetual maintenance or monitoring because the w 

stored on property. This alternative rates a 5 in this category. 

3-39 
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Smcial Engineerinz and EauiDment 
This alternative is identical to Alternative 4 in this category. 

s alternative is high. Transportation constitutes a great majority of the cost of this 
otal costs are estimated at $1.82 to $2.25 billion, all of which is capital cost because 

is left on propeny. 

3.2.7.4 Screening. Summary 

The primary advan 

average, short-term 

temative ~IE its excellent long-term effectiveness and nonexistent 
al costs. The primary disadvantages are the high cost and below- 

caused by waste transportation risks. This alternative receives an 

..... 

340 
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4.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

f this detailed analysis is to assess each of the alternatives discussed in previous 

ensure that the detailed analysis encompasses regulatory requirements and identifies the 
the evaluation criteria established by EPA. The criteria have been 

cceptability of each remedial alternative under consideration. EPA has 
established a three-tiered hierarchy for selecting a remedy. In the fitst tier, threshold criteria 
address an altemati 
nsults from the pri 
(ARARs and TBCs 
included for further 
criteria include the 
reduce the toxicity, mobility, and volume of contaminants through treatment; its short-term 
effectiveness while the remedial action is in progress; its overall implementability; and its cost. 
The final tier contains the modifying criteria 
selecting a site remedy in the Record of 
not specifically evaluated during the deta 

The detailed analyses of alternatives ag 
components: 

otection of human health and the environment based on analysis 
criteria, as well as compliance with A M s  and TBCs. 
ppendix D.) An alternative must meet the first-tier criteria to be 
The second tier contains the primary balancing criteria. These 
veness and permanence of each alternative remedy; its ability to 

te and community acceptance, evaluated before 
OD). The criteria under the modifying tier are 

ation criteria consist of the following 

Further definition of each alternative, if 
of contaminated media to be addressed, 
performance requirements associated w 

An assessment and a summary profile of each 

A comparative analysis among the alte lative performance of 

t to the volumes or areas 
used, and any 

st the evaluation criteria 

each alternative with respect to each evaluation criterion 

The fust component in the detailed analysis of alternatives was further definition of each alternative. 
The initial screening of alternatives identified the following four alternatives to ard 
for detailed analyses: 

Alternative 0 - No Action 
Alternative 2 - Nonremoval, Physical Stabilization, Slurry Wall, and Cap 
Alternative 4 - Removal, Waste Treatment, and On-Property Disposal 
Alternative 5 - Removal, Waste Treatment, and Off-Site Disposal 
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The detailed analyses further identified two significantly different process options for waste 

Alternatives 4 and 5 - vitrification and cement stabilization. Therefore, the 
ses conducted in this section further break down the alternatives as: 

mative 0 - No Action 
/ temative 2 - Nonremoval, Physical Stabilization, Slurry Wall, and Cap 

ternative 4A - Removal, Cement Stabilization, and On-Property Disposal 
temative 4B - Removal, Vitrification, and On-Property Disposal 

Alternative 5A - Removal, Cement Stabilization, and Off-Site Disposal 
Alternative 5B - Removal, Vitrification, and Off-Site Disposal. 

This increases the t 
each alternative was 

alternatives evaluated to six. Additional detailed information on 

The second and thi 
alternative against the evaluationcriteria (Section 4.2) and the comparison of alternatives against the 
evaluation criteria (Section 4.3). 

f the detailed analyses were an individual assessment of each 

4.2 
The results of this section are tabulated in at the end of Section 4.0. a 
4.2.1 Alternative 0 - No Action 

42.1.1 DescriDtion 
This is the no-action alternative that provides no remediation 
the Bum Pit, and Clearwell in their present state. This altern 
term monitoring equipment. The no-action alternative provid 
alternatives can be compared. 

4.2.1.2 Assessment 

aves the six waste pits, 
s the installation of long- 
against which the other 

Overall protection of human health and the environment - Base 
baseline risk assessment, this alternative fails to provide the requ 
human health and the environment. The potential for release of 
leaching from the pits into groundwater or via surface water run 
eliminated. The RAOs for drinking water would not be met. 

Compliance with ARARs - This alternative does not comply wi 
regulations. Surface water runoff from the pits that may contaminate 
leaching of pit constituents directly into groundwater in the future would exceed the 
limits of 4OCFR141.11, 15, and 16 for chemicals and radionuclides in drinking water. 
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Long-term effectiveness and permanence - This alternative does not provide a long 
term solution that is effective and permanent. The magnitude of risk would not be 
reduced from its current level. 

uction of toxicity, mobility, or volume through treatment - Because no treatment 
uld take place in this alternative, there would be no reduction of toxicity, mobility, 

Short-term effectiveness - The environmental impacts attributable to the waste pits 
would continue. 

Implementability - This action would be easy to implement because no action other 
onitonng system would be taken.' 

ted net present worth capital cost for this alternative is $0. The 
O&M cost, including the cost of the required five-year 
would be as much as $9 million. 

4.2.2 

4.2.2.1 DescriDtion 
This alternative is intended to decrease the 

environment thereby minimizing the relea 
Aquifer. This involves the surcharging o 
the pits, removal and treatment of any 
mhargmg or compaction pcess ,  sub 
and storm water runoff and run-on control measures. The sub 
combine a slurry wall, subsurface drains, and a groundwater 

S;rcharging is performed by mounding or overburdening the 
of fill soil for a period of time (a few weeks to several mon 
achieved, the soil overburden may be removed and discarde 
for surcharging another a m .  

ume in the waste and isolate the waste from the 
inated leachate to the underlying Great Miami 
of the pit wastes to decrease void space in 

a 
d subsurface water displaced by the 

trol measures, construction of a closure cap, 
control measures 

ent with large quantities 
compaction goal is 

Surcharging is used most effectively in freedraining soils. This method can be 

cohesive soils by installing sand drains, collection trenches and sumps, or wick 
the waste consolidation time. 

The contaminated water collected from the drains or sumps would be treated in 
the system shown in Figure 4-1. 

a 
4-3 
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4.2.2.2 Assessment 

erall protection of human health and the environment - This alternative is protective 
human health and the environment because migration of pit constituents into 
undwater and other media would be significantly reduced. The residual risks 

with this alternative will be quantified in the next draft of this document 
ative would protect human health and the environment by accomplishing the 

- The infiltration rate of rain water into the pits would be reduced from 10 inches per 
year to 2 inches per year. 

pit waste/soil would be decreased due to compaction. 

uld no longer leach via surface water runoff. 

from the pits would be eliminated. 

ndwater, and water from the pits would be collected and treated. 

Compliance with ARARs - Because of the assumptions described above, this alternative 
meets all ARARS. 

Long-term effectiveness and pe ce - Potential exposures from pit contents via 
sure from the pits will be virtually 

. The cap will cover and contain any 
groundwater is a concern. 
eliminated as long as the 
contaminated soil around nt erosion. This alternative requires 
maintenance in perpetuity, 
pondings of liquids in settl 
rooted vegetation. Moni quired to detect any leachate migration and 
require periodic replacement. 

c inspections to detect any settlement, 
e cap, erosion, and invasion by deeply 

Because this alternative leaves hazardous substan 
conducted at least every five years to ensure that 
adequate protection of human health and the envi 
Section 121(c). 

Reduction of toxicity, mobility, or volume throu 
the waste by compacting it, reducing the void lable for leachate generation, 
thereby reducing the mobility of the contamina volume of the waste is also 
decreased by the compaction process. There is no effect on the toxicity of the waste 
in the pits as a result of this alternative. 

An analysis of the multilayer cap design was performed by utilizing 
Evaluation of Landfill Performance (HELP) Model Version 2.05 
Corps of Engineen (COE) Waterways Experiment Station. The s 
of Figure 4-2 corresponds to the proposed design of the cap shown in 
HELP default soil characteristics and the Cincinnati, Ohio climatologic 
utilized in the analysis. Three case scenarios were evaluated by 
the lateral drainage layer at the cap base and varying the maxim 
horizontally to the collection. 

y, a review will be 
continues to provide 

accordance with CERCLA 

tment - This alternative treats 

4-5 



Cross Section of HELP Cap Profile 

I I 

Layer 1 Thickness 

Vegetative Layer 

Drainage Layer (Kv = 1.OE-03 cm/s min.) 

Barrier Soil Liner 
Upper portion - 5 feet of Rolled Compacted Concrete (RCC) 
Lower portion - 4 feet of Low Permeability 
Clay ( Kv = 1 .OE-07 cm/s ma. )  

Common Compacted Fill 

Contaminated Waste 

]inches I feet j+ 
108 +++ 

NOTES: 

I USDA I USCS I 

Barrier Soil Liner 

Vertical Percolation YES 

NIA Municipal Municipal I waste I waste I Vertical Percolation 

3) 

HELP cllmatologlcal data and soil characteristic default values utilized. 
Per HELP criteria, barrier soil liners cannot be adjacent. 
Therefore, RCC and clay liner are assumed to act jointly. 
Depth of Operable Unit 1 Waste Pit 3 assumed. 

4) Kv denotes vertical permeability. 
5) Closure cap surface area = l,6OO,OoO.O square feet. 
6) Fair grass cover assumed for vegetattve layer. 

FIGURE 4-2. HELP MODEL INPUT PARAMETERS 

dbQCZi8 
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A cap surface area of 1.6 million square feet was maintained for each case. For the 
waste layer, the 27-foot depth of Waste Pit 3 was assumed. The HELP output data 
tilized the average annual precipitation total of 40.64 inches and the peak daily 
recipitation value of 2.40 inches for the default climatological data for a five-year 
nod. The precipitation was distributed over the surface area of the closure cap to 

a total precipitation of 5,418,934 cubic feet and 320,000 cubic feet, 
ely, for the summary output. 

For the vegetative soil layer, a fair grass cover with an evaporative zone depth of 21 
inches was selected in lieu of a good to excellent grass cover in the input data for 
conservative purposes. Additional default valves for the growing season for the 
Cincinnati area and latitude were selected. 

of the closure cap, Waste Pits 1 through 4 and the Bum Pit 
bilized by surcharging as depicted in Figure 2 4 .  Waste Pits 5 

ell will require removal and treatment of any standing water and 
Utilization of the previous technologies would minimize 

e closure cap due to subsidence and introduction of contaminated 
dwater and underlying Great Miami Aquifer. 

Per the HELP output data of Figure 4-3, a selection of a twenty percent slope of 
drainage layer at the closure cap base and a 50-foot maximum drainage distance 
horizontally to collection pipes 
the drainage layer. As a result, 
reduced versus Cases 2 and 3. 
must be achieved on the liner 
system, percolation from the 

Short-term effectiveness - B 
threat to the community an 
for minor amounts of fugi 
during the surcharging o 
configuration of the cap 
surface water quality impacts will be turbidity 
direct disturbance of ?he 
Impacts on Paddys Run 
and associated species. There will be short-term 
associated impacts on terrestrial species durin 
areas that will be reestablished on completed Groundwater flow would be 
diverted around the unit by the slurry wall. Transport of construction materials for the 
cap and slurry wall could cause community disturbances such as traffic congestion, 
increased noise, and road degradation. 

rainage layer, achieved the greatest efficiency of 

a head of 12 inches or less 
n of the head on the liner 

ction runoff and 

Woxkers would be protected during remedial action by practices that reduce radi to 
levels as low as reasonably achievable (ALARA) and by industrial health and safety 

Implementability - Caps and slurry walls are routinely constructed and ha 
utilized at other DOE facilities. Surcharging pits to decrease void space 
and soils has been performed on several stabilization projects in the past. No delays 
due to technical problems are anticipated. 

4-7 
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Future remedial action is likely to involve the addition of new protective layers and/or 
modifications to existing layers of the cap. Such action would require a minimum 
effort and would likely involve only the outer layers of the cap. 

onitoring would consist of visual inspection, leachate detection. and groundwater 
Coordination with other agencies is part of the approval process. The level 
tion that would be required for this alternative is minimal because the waste 

m a m  on property. 

It has been assumed that clays capable of providing a permeability no greater than 
lo’ cm/s are regionally available. If this is not true, satisfactory materials could be 
hauled in from wherever available. All other necessary equipment, specialists, and 

ted net present worth capital cost for this alternative is $139 
rth O&M cost, including the cost of the required 

ns, would be as much as $66 million. Detailed cost 
und in Appendix F. 

. . . . . . . . . 

4.2.3 Alternative 4A - Removal. Waste Treatment (Cement Stabilization), and On-Pro~erty 
Dismsal 

4.2.3.1 Descri~tion 
Alternative 4A is intended to completely 
engineered disposal facility. Remediatio 
required for waste treatment. This pro 
waste removal, waste segregation, treatment, and final disposal (Figures 4-6, 4,7, and 4-8). 

waste and dispose of it in an on-propexty 
shown in Figures 4 4  and 4-5) will be 

a 
removal and treatment of standing water, 

There are three waste removal technology options. Depending 
sludges, including water content and the presence of standing 
removal (Figure 4-9) and/or mechanical removal technologies 
the proposed progression of the mechanical removal pmcess 

ical nature of the pit 
r, hydraulic or pneumatic 
yed. Figure 4-10 depicts 

Pits 1 through 4 and the Bum Pit contain actual or assumed quantities of drums, construction 
rubble, and/or miscellaneous site debris. Therefore, extensive waste segregation 
require mechanical shredders, crushers, compactors, and balers, as well as a sep 
drum handling, sampling, and treatment as required. 

After segregation, the remaining sludge material will be treated using cement s 
disposal. 

4-9 
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RAW WASTE RECEPTION AND 
PRELIMINARY SEGREGATION AREA 

3 - 6 CY FRONT END 

LOADERS 

.................. .............. .................. ............. .............. .................... 

....... 

............. 

24 INCH GRL 2 - 15,OWlb CAPACllY 

FORK LIFTS 

2 - GENERAL PURPOSE 
WITH GRAPPLING EQUIPMENT 

LARGE OBJECT 

SIZE REDUCTION 

AREA 

PLASTIC @ 
WOOD 

CONCRETE - 

MAXIMUM SIZE 

REDUCTION TO 2’ X 3’ X 2’ 

USING JAW CRUSHERS 

AND CUrrlNG TORCHES 
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I 

1” I 

6 INCH 
GRIZZLYS 
TO 2 INCH 
GRIZZLY 

..... ... . I PINCH 

2 INCH 
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I CONCRETE CRUSHER I 

GRIZZLY 

... 

FIGURE 4-7. WASTE SEGREGATION FACILITY LAY-OUT FOR ALTERNATIVES 4 AND 5 
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NOTES: 

............................. 

1. DREDGE AUTOMATICALLY TRAVERSES THE PIT USING DREDGE ~ 

zg$: MOUNTED WINCHES AND CABLES .ATTACHED TO CONCRETE 
POSTS LOCATED AT THE PERIMETER OF THE PIT. 

2. PIVOTING ARM GIVES DREDGE CAPABILITY TO DREDGE 
MATERIAL RANGING FROM 0 TO 8 FEET BELOW THE WATER. 

3. DREDGE WILL DISCHARGE SLURRY OF 20% SOLIDS. FLOW 
RATE IS VARIABLE UP TO 800 GPM AND WILL AVERAGE 
250 GPM. 

......... 

FIGURE 4-9. HYDRAULIC OR PNEUMATIC REMOVAL - ALTERNATIVES 4 AND 5 
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Any water not utilized by the cement stabilization treatment technologies will be processed by the 
a 

w@r,..mtment plant constructed for use during Operable Unit 1 remediation or a site-wide 
ament plant if .available. The technologies under review for the water treatment plant 

Reverse osmosis 

dies determine that the organic contaminants are of a type or 
mental effect on the stabilization process, the process would have 
move or destroy these organics (such as carbon adsorption, 

concentration that 
to include a pretrea 
drying, or ultraviole r treatment, the resultant waste form will be transferred from 

engineered disposal facility or series of above-grade 
structures. Although both the engineered disposal facility and above-grade structure provide 
containment, the engineered disposal facility will be retained as the representative process option. 
The reinforced concrete roof of the above- cture will hnction as the cap intrusion barrier a component. 

As with all on-property disposal techno 
regularly scheduled monitoring, and fa 
specified postclosure period. 

’ in situ stabilization, a properly designed site, 
programs will be required throughout some 

The following assumptions are made in reference to Altemati 

The engineered disposal facility will not be built 

The engineered disposal facility will function si 

The engineered disposal facility will be equipped with a leachate collection/detection 
system. 

The engineered disposal facility will sit on a concrete pad. 

a 

The engineered disposal facility will be equipped with a roller-compact 
intrusion barrier. 

The engineered disposal facility will have sloped sides for surface water 

The engineered disposal facility will be covered with vegetation for erosion control. 
. . . . . . . 
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Cement-stabilized wastes (Alternative 4A) will undergo quality assurance (QA) testing 
for free liquids, compressive strength, and leachability (toxicity characteristic leaching 
procedure [TCLPJ) before permanent disposal in the engineered disposal facility. 

ed wastes (Alternative 4B) will undergo QA testing for leachability before 
anent disposal in the engineered disposal facility. 

e vitrification (Alternative 4B) process will include an enclosed off-gasing system 
with filtration mechanism to 

Residual soil testing will be 
criteria. 

collect radon and volatilized chemicals. 

performed to ensure that remaining soils meet cleanup 

4.2.3.2 Assessment 

0 human health and the environment - Based on the assumptions 
rnative is protective of human health and the environment. 
eated, thus migration of contaminants to a receptor is 

Compliance with ARARs - Based on the assumptions described above, this alternative 
meets al l  ARARs. Waste is removed and treated, thus migration to environmental 
media in concentrations abov limits is eliminated. 

Long-term effectiveness - Some residual risk from on-property disposal 
would be pment. but it 
for direct radon emission, 
are met. 

The engineered disposal 
term maintenance. This would include periodic . to detect settlement, ponding 
of liquids in settled areas, erosion, and invasion 

Groundwater monitoring wells are required to det tion from the engineered 
disposal facility. Wells require periodic replace 
groundwater will be unlikely because the tumulus d to divert rain water away 
from the waste. The engineered disposal facil 
that might infiltrate and come in contact with 
stabilized form has very low leaching potential. The leachate collection tank requires 
monitoring and periodic removal of collected leachate. 

d from the baseline residual risk. All RAOs 
ntamination, and erosion of contaminated soil 

perty disposal of the material requires long- 

Because this alternative leaves hazardous substances on property, a review will be 
conducted at least every five years to ensure that the remedy contin 
adequate protection of human health and the environment in accord 
Section 121(c). 

Reduction of toxicity, mobility, or volume through treatment - The 
be stabilized. All waste material, including contaminated berm mat 
treated. This amounts to an estimated 1.2 million cubic yards of mat 

The addition of stabilizing agent (e.g., cement and fly ash) increases the total volume 
of treated material by approximately 30 percent to 1.6 million cubic yards. 
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Stabilization, supplemented by disposal in the engineered disposal facility, will provide 

ilization of the material with cement and fly ash, followed by disposal in a facility 
gned to minimize water infiltration. also provides a high level of irreversibility (Le., 
probability of becoming leachate). No untreated residuals will remain. 

high level of reduction in mobility. 

Environmental - Minor amounts of fugitive dust. fumes, and odors may be associated 
with heavy equipment operations during construction of the waste treatment, packaging 
and disposal facilities. Similar impacts may result from transportation of packaged 

' waste to on-site disposal. Any failure of air or water treatment systems would result 

including emergent wetlands, associated with waste removal 
upport and waste disposal facilities. There are possible impacts 

of contaminants. There are possible impacts on terrestrial 

sole-source aquifer, associated with any failures of 
the waste disposal facility. Groundwater flow could be 
the waste disposal facility. Treatment of standing water 
sludges/resins that will have to be disposed of in 
te management practices. There are possible 

transportation impacts associated with the need to transport materials for construction of 
the waste disposal and support facilities to the site. 

Short-term effectiveness - There 
uranium, thorium, and radon removal. Minor amounts of fugitive dust, 
fumes, and odors are associa y equipment operations during construction of 
the waste treatment, packagin sal facilities and also from transportation of 
packaged waste to the on facility. There are possible impacts on 
aquatic and terrestrial org ts. including emergent wetlands, associated 
with the siting of support al facilities. Surface and groundwater 
impacts vary with the am ired for hydraulic removal. Transpon of 
construction materials for the on-property disposal d cause community 
distllhances such as traffic congestion, increased ad degradation. The 
waste processing building and appropriate health ures will ensure 
protection of the workers. Consvuction fatalities possible due to high 
labor hours for the construction of an engineered 

Stabilization with cement and fly ash requires ap onths after the ROD. 

Removal operations will be conducted using appropriate safety measures, thus 
minimizing worker exposure. Removal, treatment, and packaging operations will be 
conducted in a controlled environment, thus minimizing the potential for an accidental 

increased probability of an accidental release of 

- 
release of material. 

Implementability - The stabilization technology is proven; however, t 
required. Future remedial action will likely involve the addition of 
layers and/or modifications to the existing layers of the engineered 
Such action requires a minimum effort and involves only the outer 
engineered disposal facility. Monitoring consists of visual inspection, leac 
detection, and groundwater sampling. Monitoring wells used for sampling require 
periodic replacement. 

are 
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The level of coordination required between agencies is minimal because the material 
remains on property. 

All equipment and associated technical specialists are readily available for the proposed 
mediation effort. 

e proposed technologies for material removal, treatment, handling, solidification, 

Cost - The total estimated net capital cost for the cement stabilization alternative is 
$1.22 billion. The total net present worth long-term O&M, including the cost of the 
required five-year CERCLA reevaluations, would be as much as $20 million. Details 

ackaging, and storage are readily available. 

of these... costs- can be found in Appendix F. 

4.2.4 

4.2.4.1 Descrimion 
Alternative 4B is the same as Alternative 4A except for vitrification is used for stabilization in lieu 
of cement stabilization (Figure 4- 1 1). 

4.2.4.2 Assessment 

. Overall protection of human 
described in Section 4.2.3. 
environment. Wastes are ated, thus migration of contaminants to a 
receptor is eliminated. 

Compliance with ARARS - Based on the assump 
meets all ARARS. Wastes are removed and trea 
media in concentrations above federal limits is e 

the environment -.Based on the assumptions 
e is protective of human health and the 

d above, this alternative 
tion to environmental 

Long-term effectiveness and permanence - Some from on-property disposal 
would be present, but it is greatly reduced from 
for direct radiation, radon emission, groundwater 
contaminated soil are met. 

residual risk. All RAOs 
manon, and erosion of 

The engineered disposal facility for on-property disposal of the material requires long- 
term maintenance. This would include periodic inspection to detect settlement, ponding 
of liquids in settled areas, erosion, and invasion by deeply rooted v 

Groundwater monitoring wells are required to detect any migration 
disposal facility. Wells require periodic replacement Leaching of 
groundwater will be unlikely because the engineered disposal facility is 
divert rain water away from the waste. The engineered disposal facility 
designed to collect any water that might infiltrate and come in con 

In addition, the waste in its stabilized form has very low leaching potential. The 
leachate collection tank requires monitoring and periodic removal of collected leachate. 
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Because this alternative leaves hazardous substances on property, a review will be 
conducted at least every five years to ensure that the remedy continues to provide 

on of human health and the environment in accordance with CERCLA 

ction of toxicity, mobility, or volume through treatment - The waste material is to 
trifid. All waste material, including contaminated pit soils, will be treated. This 

estimated 1 million cubic yards of material. 

Vitrification, supplemented by disposal in the engineered disposal facility, will provide 
a high level of reduction in mobility. 

Vitrification of the material, followed by disposal in a facility designed to minimize 
vides a high level of irreversibility (Le., low probability of 
untreated residuals will remain. 

ts will be the same as in Alternative 4A with the additional 
toxic, and radioactive emissions associated with the vitrification 

for the air treatment system would require a water supply; 
dwater impacts would vary with the amount required. 

Short-term effectiveness - There is an increased probability of an accidental release of 
uranium, thorium, and radon due to waste removal. Minor amounts of fugitive dust, 
fumes, and odors are associated ipment operations during construction of 
waste treatment, packagin ies and also from transportation of 
packaged waste to the on-pro facility. There are possible impacts on 
aquatic and terrestrial org ts, including emergent wetlands, associated 
with the siting of support facilities. Surface and groundwater 
impacts vary with the am red for hydraulic removal. Transport of 
construction materials for posal facility could cause community 
distudxnces such as traffic ed noise, and road degradation. The 
EIE, waste processing building, and appropriate h 
protection of the workers. Construction fatalities 
high labor hours for the construction of an engin 

Alternative 4B requires approximately 72 months 

Removal operations will 
minimizing worker exposure. Removal, treatmen packaging operations will be 
conducted in a controlled environment, thus minimizing the potential for an accidental 
release of material. 

ty measures will ensure 

safety measures, thus 

Implementability - Batch and continuous vitrification technology has 
small scale (approximately 100 cubic yardslday). There are not any 
be required to achieve the remediation goals of Operable Unit 1 in a tim 
to 20 years). 

Future remedial actions would likely involve the addition of new p 
andlor modifications to the existing layers of the engineered dispos 
action requires minimum effort and involves only the outer layers 
disposal facility. Monitoring consists of visual inspection, leachate detection. and 
groundwater sampling. Monitoring wells used for sampling require periodic 
replacement. 
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The level of coordination required between agencies is minimal because the material 
remains on property. 

'pment and associated technical specialists for the proposed remediation effort 
readily available because continuous or batch vitrification has never been 
ed on a large scale. 

The proposed technologies for material removal, treatment, handling, packaging, and 
storage are readily available, but the solidification technology for large scale continuous 
or batch vitrification plants has never been proven. 

ated net capital cost for the vitrification stabilization/on-property 
.78 billion. The total net present worth long-term O&M, 
required five-year CERCLA reevaluations, would be as much 
ed cost estimate for the alternative is included in Appendix F. 

4.2.5 

4.2.5.1 DescriDtion 
This alternative is the same as Alternative 4 
wastes is at an approved off-site disposal 

The waste removal technologies, segrega 
technology options are the same as tho 

ways except the final disposal of the treated a 
es, and on-property treatment and packaging 

4A. 

Any water not used for stabilization will be processed by the 
for use during Operable Unit 1 remediation or a site-wide wa 

The technologies under review for the wastewater treatment pl 

tment plant consmcted 
ent plant. if available. 

Clarification 
Fdtration 
Ion exchange 
Reverse osmosis 

4.2.5.2 Assessment 

Overall protection of human health and the environment - The potential 
pathways of d i m 3  radiation, radon emissions, groundwater contaminatio 
erosion are eliminated because the waste would be shipped off site to a 
facility. 

Compliance with ARARs - All ARARs are met. 
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9 Long-term effectiveness and permanence - The residual risk associated with the waste 
material is eliminated because it will be shipped off site. 

eduction of toxicity, mobility. or volume through treatment - The mtment  process 
lied to the waste material will be solidification. AU waste material in the pits, 

ntaminated soil, will be treated. This amounts to an estimated 1.2 million 
of material. 

The addition of a stabilizing agent (e.g., cement and fly ash) increases the total volume 
of treated material by approximately 30 percent to 1.6 million cubic yards. 

Solidification provides a high reduction in the mobility of the waste and a high level 
low probability of becoming leachable). No residual waste 

amounts of fugitive dust, fumes, and odors may be associated 
operations during construction of the waste treatment and 
d also from the transport of packaged waste to an off-site 

y failure of air or water treatment systems would result in 
contaminants. There would be possible impacts on aquatic and 

terrestrial organisms and habitats, including emergent wetlands, associated with the 
siting of support facilities. There would be a short-term loss of grassland habitat on 
the existing caps due to w . Treatment of standing water would generate 
contaminated sludgedresins 
standad waste management umes of hazardous 
and radioactive wastes to an traffic congestion and 
increased noise. 

Short-term effectiveness - e waste processing building for waste 
containment ensure protec unity during the remediation activities. 

There is an increased possibility of an accidental release of uranium, thorium. and 
radon due to waste removal. Also. minor fumes, and odors 
are associated with heavy equipment opera 
m m e n t  and packaging buildings and al 
off-site disposal facility. There are possibl and terrestrial 
organisms and habitats, including emergent with the siting of 
support facilities. Surface and groundwater imp with the amount of water 
required for treatment operations. Transport of and radioactive waste to an 
off-site disposal facility could cause community disturbances such as rail congestion 
and increased noise. 

of the waste 
packaged waste to an 

Risk to the community and railroad workers is associated with 
vansportation of the waste material. The risk associated with tr 
waste to an off-site disposal facility by truck is estimated at 12 
injuries to the public. Rail transportation risks are 5 fatalities 

Remediation requires approximately 72 months after the ROD. 

Implementability - The solidification is proven; however, treata 
Because the waste will be shipped off site, neither future remediation, nor monitoring 
on the site is required. This alternative might require state, local, and federal agency 
approvals for nanspomtion. Extensive coordination among agencies is required at the 
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state and local levels. All equipment and associated technical specialists are readily 
available for the proposed remediation effort. The proposed technologies for waste 
removal, handling, and packaging are readily available. 

ost - The total estimated worth capital cost for the Cement stabilization alternative is 
.8 billion with no long-term O&M cost because the material is off site. A detailed 
st estimate for the alternative is included in Appendix F. 

4.2.6 Alternative 5B - Removal. Waste Treatment (Vitrification). and Off-Site Diswsal 

except for the utilization of vitrification as a process option in 
lieu of concrete sta 

Overall protection of human health and the environment - The potential exposure 
pathways of direct radiation, radon emissions, groundwater contamination, and soil 
erosion are eliminated because te would be shipped off site to a disposal 
facility. 

Compliance with ARARs - 
. Long-term effectiveness idual risk associated with the waste 

material is eliminated be 

Reduction of toxicity, t - The matment process 
applied to the waste 
including contamin ed. This amounts to an 
estimated 1.2 million cubic yards. 

Vitrification provides a high reduction in the m 
imversibility (i.e., low probability of becoming 
remain on site. 

material in the pits, 

waste and a high level of 
. No residual waste would 

Short-term effectiv mative SA with the 
additional possibility of gaseous, toxic, and radioactive emissions associated with the 
vitrification process. The scrubbers for the air matment system would require a water 
supply; surface and groundwater impacts would vary with the am0 

Removal operations will be conducted with appropriate safety meas 
minimizing worker exposure. 

There is an increased possibility of an accidental release of urani 
to waste removal. Also, minor amounts of fugitive dust, fumes, and od 
associated with heavy equipment operations during construction and w 
and packaging buildings and also from transportation of packaged waste to an off-site 
disposal facility. There are possible impacts on aquatic and temsvial organisms and 
habitats, including emergeni wetlands, associated with the siting of support facilities. 
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Transport of hazardous and radioactive waste to an off-site disposal facility could cause 
community disturbances such as railroad congestion and increased noise. 

community and to railroad workers is associated with the off-site 
n of the waste material. The risk associated with transporting the treated 

aste to an off-site disposal facility by truck is estimated at 8 fatalities and 71 injuries 
the public. Rail transportation risks m 3 fatalities and 11 injuries. 

Remediation requires approximately 72 months after the ROD. 

Cost - The total estimated net capital cost for the vitrification alternative is $2.25 
billion with no net present worth O&M cost because the material is no longer on 

cost estimate is included in Appendix F. 

In the following an atives are evaluated in relation to one another for each of the 
on of human health and the environment; compliance with 

.... 

ARARs; long-term effectiveness; short-term effectiveness; implementability; reduction in toxicity, 
mobility, or volume through matment; and cost. State and community acceptance will be 
addressed in the ROD following comments RVFS report and Proposed Plan. The purpose of 
this analysis is to identify the relative 
each in relation to the other alternatives. 

isadvantages of each alternative and to rank 

The alternatives have been ranked usin 
developed by Saaty (1980). The alte 
threshold criteria; that is, overall protection of human health 
with ARARs. The alternatives are then canied forward for a 
the five second-tier criteria. 

of the analytical hierarchy process (AHP) 

aluated on whether or not they meet the 
nment and compliance 
evaluation in relation to 

The five second-tier criteria are broken into subcriteria on w 
alternatives has been performed. Following are the five second-tier criteria and each of their 
subcriteria. 

ive analysis of the 

Long-Term Effectiveness and Permanence 

Magnitude of residual risk 
Adequacy and reliability of controls 
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Reduction in Toxicitv. Mobilitv. or Volume throuph Treatment 

Treatment process used and materials treated 
ount of hazardous materials destroyed or treated 

gree of expected reduction in toxicity, mobility. or volume 
which the treatment is irreversible 
quantity of residuals femaining after treatment 

Short-Term Effectiveness 

Protection of the community 

hrdementability 

Reliability of the technology 
Ease of undertaking additional remedial action 
Ability to monitor the effectiveness of remedy 

......... :.:.:.:.:.:., Adm&strative feasibility ..:.:.:.: ....................... .............. 

Availability of services and mat& a 
- cost 

......... ................ ......... ........... ................. ......... ......... ............. 

........ ......... ......... ......... ......... ......... ......... ......... 
:.>>:.: ......... Capital costs ......... ......... ......... ........ 

Operation and maintenance'costs 
Present worth costs 

Altematives 2,4A, 4B, SA, and SB provide adequate protectio 
environment. Altemative 2 provides protection by physical 

health and the 
on, and encapsulation of the 

tion and encapsulation 
methods, contamination migration would be significantly reduced. Alternatives 4A and 4B achieve 
protection by removing, treating by stabilization, packaging, and disposing of waste in an on- 
property disposal facility. The facility would be designed to minimize the migra 
the environment over the long term. Alternatives SA and SB achieve protection 
technologies as Alternatives 4A and 4B with the exception or transporting the solidi 
off-site disposal facility. Alternative 4A differs from 4B in that in 4A cement s 
for stabilization of the waste and in 4B vitrification is used. Likewise, Altemati 
SB in that in SA cement stabilization is used and in SB vitrification is the stabilization method. 
Either method is expected to adequately stabilize the waste for disposal. 

a 
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5B meet a l l  ARARs listed in Appendix D. Alternative 2, 

because of the assumptions defined in the individual assessment of 
provided in Section 4.2 above. 

. . . . . . . . . . . . . . . . . . 
All alternatives are Carried through to the second-tier evaluations. 

4.3.3 
The magnitude of 
to eliminate or redu 
remaining potential 
considered. 

evaluated qualitatively based on the potential of an alternative 

thways and to avoid creating additional exposure pathways. Any 
were identified. Also, the necessity of a five-year review was 

... 

Alternative 5 is the most preferred alternative and is associated with the least residual risk because 
the waste is removed. mated, and disposed 
exposure pathways are eliminated. Alte 
waste is more stable than cement-stabili 
vitrified waste is less likely than from 
because the waste is disposed off site. 

site. TheRfore. no waste remains on site and all 

s more preferable than SA because vitrified 
erefore, leaching of contaminants from 

a 
waste. A five-year review is not necessary 

Alternative 4 is the next preferred alternative because the wa 
the treated waste is stored in an on-property engineered 
engineered disposal facility is built as well as the off-site de 
will be incorporated to prevent leaching of contaminants from 
disposal facility to the groundwater. Therefore, all long-te 
However, a five-year review of the engineered disposal 
Alternative 4B is more preferred than 4A because vivified waste is more stable than cement- 
stabilized waste. Alternative 2 is the least p r e f e d  alternative because it is ass 

highest residual risk. Because the waste remains in place, the possibility of co 
from the pits into groundwater is not eliminated. However, preliminary fate and tr 
results suggest that leaching is greatly reduced due to the reduction in the infii 
results from stabilization and capping. Final fate and transport groundwater m 
be available in subsequent drafts of this document. The residual risk associated with this alternative 

and treated. However, 

that various precautions 
waste in the engineered 

ways will be eliminated. 
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will be evaluated quantitatively in later drafts. A five-year review of leaching from the waste pits 
water is required for this alternative. 

riteria examined for reduction of toxicity, mobility. or volume through matment was 
process selected and the ability of the process to treat the waste. Of the five 

being evaluated, two employ vitrification as treatment (4B and 5B), two employ cement 
stabilization (4A and 5A), and the fifth employs in situ stabilization using cement and shallow soil 

ugh surcharging (Alternative 2). Based on the ability of each 
threats of the site and on special requirements for the treatment 
preferable to Alternatives 4A and SA. Alternatives 4B and 5B 
e primary factor in the ranking was the requirement for 

alternative to add 
process, Alternative 
were rated as least 

on. Vitrification (Alternatives 4B and 5B) requires the most 
. Cement stabilization requires the next largest amount of 

specialized equipment and the surcharging and SSM of Alternative 2 the least. Each of the 
alternatives was viewed as addressing the p 

equal in that category. 

The amount of hazardous materials d 

of the waste is treated. Therefore, AI 
preferable because all of the waste in 
rated as equally effective to each other but less effective 
stabilization does not destroy the waste as is the case with 
effective alternative for mating or deswying the waste is 
cement stabilized, and the remaining waste is densified throu 

difficult to verify than the overall effectiveness of in situ 

threats of the site; therefore, they were rated 

is evaluated based on what portion, if any, 
5B (vitrification) were rated as the most 

was mated. Alternatives 4A and 5A were 
cause Cement 
trification The least 

ause only some waste is 
. It is alsomore 

The alternatives were compared for their ability to reduce the toxicity, mobility, or volume of 
waste. Based on this evaluation, Alternatives 4B and 5B are preferred over Al 
because Alternatives 4B and 5B reduce toxicity (organics only), mobility, and v 
viuification Alternatives 4A and 5A reduce mobility through cement stabiliza 
for toxicity and actually increase volume. Alternative 2 ranks below the other 
it reduces mobility by use of physical stabilization. a cap, and slurry wall, it 
toxicity. The volume aspects of Alternative 2 would tend to balance out because the SSM of Pits 
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5 and 6 and the Clearwell would increase the volume, and the surcharging of the remaining pits 
would decrease the volume. 

tematives was evaluated to determine the irreversibility of the treatment process. 
cation is a more stable and irreversible form than cement stabilized waste, 
B and 5B were rated as equally preferable over Alternatives 4A and 5A. Alternative 

2 was ranked as the least preferable alternative because the waste that was stabilized by surcharging 
could be disturbed and the volume increased. 

. . . . . . . . . 

The evaluation of 
type of residuals th 
on these criteria, Al 

and 5A. Thevi 
present less risk 
of the waste is mated, the waste is in a less stable form, and the potential for a release and 
potential risk is greater. 

Taking each subcriterion into account, th 
volume criterion is: Alternatives 4B an 
and 5A (cement stabilization) are the 
physical stabilization, slurry wall, and cap) is the least preferable alternative. 

antity of residuals remaining after treatment is based on; (1) the 
tment,. (2) their quantities, and (3) the risks they pose. Based 
B (vitrification) are equally preferable over Alternatives 4A 

in a more stable form and in less volume; therefore, they 
lid waste. Alternative 2 is the least preferable because less 

ng for the reduction of toxicity, mobility, or 
on) are the most preferable, Alternatives 4A 
rable, and Alternative 2 (nonremoval, 

4.3.5 Short-Term Effectiveness 
Each alternative was evaluated for its ability to protect the co 
Based on the evaluation, Alternative 2 (nonremoval, physical 
ranked as the most preferable alternative followed by Altern 
Alternative 2 presented the least short-term risk to the com 
alternative. Both Alternatives 4 and 5 involved excavation of the waste, which could result in 
significant releases of fugitive dust if not properly mitigated. The excavatio 
also result in more on-property disturbance including construction of either vitri 
stabilization plants that would result in increased uaffic, noise, and potential a 
5 was also an off-site disposal option that would generate large volumes of 
increased volume associated with cement stabilization versus vitrification, Alternative 
result in approximately 40 percent more off-site traffic than Alternative 5B. Alternatives 2, 4A. and 
4B require caps of comparable design and will require local sources of sand and clay that will 

g remedial actions. 
sluny wall, and cap) was 

B. and 5A. respectively. 
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result in increased traffic to the site. However, the M i c  associated with the cap construction will 
t as the traffic required to ship the material off site under Alternatives 5A and 5B. 

of the protection of workers is based on two major criteria: (1) exposure to 
remediation, and (2) exposure to accidents. Exposure to workers is evaluated on 

a contaminated area. volume of contaminated waste to be handled, and relative 
the waste. Exposure due to accidents is broken down into industrial accidents based on 

total man-hours per alternative and potential hazards associated with technology-related accidents. 
Based on these eval 
5B rank second, thi 

ative 2 is the preferred alternative. Alternatives 4A, 4B, 5A, and 

As discussed previo orker protection was affected primarily by the 
difference in excav 
Excavation of the ires more man-hours of labor but also increases potential for 
exposure. A distinction was also made between vitrification and cement stabilization. Vitrification 
was judged slightly more hazardous th 
voltage systems, relatively new technology, 
disposal also increased potential accidents 
cement stabilization requiring more rail 
would be handled. 

(Alternatives 4A, 4B, 5A, 5B) versus nonremoval (Alternative 2). 

e to dealing with molten materials, high 
r skilled workers for the process. Off-site 
large number of rail miles traveled with 

cation because a larger volume of material 

Environmental impacts were evaluated based on (1) air quality gitive dust, fumes, and 
odors; (2) surface water impacts to wetland areas or Paddys R ntial runoff problems 
from construction activities; (3) impacts to habitats, threatened ered species, and aquatic 
and ternstrial species; (4) groundwater impacts related to wate alteration of flow, or 
leachate from construction, treatment, or disposal activities; an ion impacts related to 
community disturbance, traffic congestion, noise, and/or road degradation from transport of 
construction materials or waste shipments. Based on the above evaluation, Alternative 5B (removal, 
vitrification, and off-site disposal) was rated as the preferred alternative. The re 
were rated in descending order as 5A, 4B, 4A, and 2. The grassland habitat ass 

existing pit m a  would be disturbed in all five of the alternatives regardless of wheth 
was being capped in place or excavated. The two off-site alternatives (5B and 5A) 

higher than on-site alternatives because they do not require disturbance of large areas 
construction of a disposal facility. Vitrification was deemed superior to cement stabilization in both 
Alternatives 4 and 5 because the larger volumes associated with cement stabilization would require 
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inmased transpztation impacts. Altemative 2 was rated the least preferable because 
a 

on would include relocation of Paddys Run. Although Paddys Run is classified as an 
am channel and not a wetland area, the disturbance of the riparian comdor along 
d result in habitat destruction for nonaquatic species. Each of the five alternatives 

gitive dust from earth work, but Alternatives 4 and 5 would present greater potential 
t release. Each alternative will also require storm water control and groundwater 

mtment.  

Alternative SA was 
because potential im 
Alternative 2 ranked 

ost acceptable alternative. with the least environmental impact, 
sult primarily from accidental releases during remedial activity. 
vorably than Alternative SA because capping would require the 
un and disturbance of emergent wetlands. Alternatives SB and 

than Alternative 2. Ecological impacts associated with the 
construction of a large on-property waste disposal facility are the primary concern in Alternative 
4A, possible contaminant emissions resulting 
during the vitrification process are the con temative 5B. Alternative 4B ranked as the 
least favorable alternative because it comb 
construction of the on-property waste dis 
system malfunctions. 

the malfunction of air or water treatment systems 

ecological impacts associated with the 
a 

and potential emissions due to air or water 

The time until RAOs are achieved was evaluated based on 
start of construction through completion of the remediation e 
construction through completion of the remediation effort, was 
availability of equipment, appropriate construction crew size, p 
and engineering judgement. The alternatives are ranked wi 

highest ranking. TherefoE, Alternative 2 ranks first, requiring 2 years after the ROD. Alternatives 
4A and SA rank second, requiring 6 years. Alternatives 4B and 5B rank last, requiring 6 years. 

rnative requires from 
ative schedule, from 

ased on assumed 
tes, past experience, 

on receiving the 

- Taking each subcriterion into account, the overall ranking for the short-term effec 
Altemative 2 is the most preferable alternative; Altemative 4A is second; Altem 
Altemative 5B is fourth; and Altemative SA is the least preferable alternative. 

4-32 
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4.3.6 Imdementability 
The ability to construct and operate the technology is evaluated based on the amount and types of 

evaluation includes factors such as whether a technology is proven or innovative. 
cation, the ease of construction, and the availability of resources. Based on the 

culties and uncertainties that could be associated with the construction of each 

ction and operation, Alternative 2 (nonremoval, physical stabilization, slurry wall, and 
preferred alternative. The technology to stabilize the waste and to construct the cap and 

sluny wall are all proven technologies with proven records of performance. The application of 
these technologies a uld require very little modification. The second and third most 
preferable altemati A, respectively. Both alternatives involve cement stabilization 
of the waste, but disposal, was deemed easier to implement than 4A because 
of the requirement n-property disposal facility. Alternatives 5B and 4B were rated 
the least prefe certainties associated with implementation of a large-scale 
vitrifkation facili till unproven at the scale envisioned at the FMPC. Alternative 
4B was rated the lowest because it would involve both vitrification and construction of an on- 
property disposal facility. 

Reliability of the technology is evaluated 
with implementation will lead to schedul 
most preferable with Alternatives 5A, 4 
discussed above, the primary factor ass 

technologies associated with caps and slurry walls versus the 
vitrification Cement stabilization and on-property or off-site 
vitrification in technical reliability. Alternative 2 is a very lo 
remediation involving primarily stand 
vitrification involve more complex operations. The mechanic 
pmss ing  plant are more susceptible to breakdown than earth moving equipment and are more 
difficult to replace and repair. 

likelihood that technical problems associated 
ed on this evaluation, Alternative 2 is the 

ed in order of preference. As previously 
r of ranking was the proven history of 

in between capping and 

ment stabilization and 
ponents associated with a 

The ease of undertaking additional remedial action, if necessary, is evaluated ba 
future remedial actions may be required and how difficult it would be to imple 
Based on this evaluation, Alternatives 4B and 5B rank equal as the preferred altemati 
Alternatives 4A and 5A are also ranked as equally effective with Alternative 2 
preferable alternative. The rankings are based on the assumption that a vitrified waste would be 
less likely to require additional remediation because it is in a very stable form. The alternatives 
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were ranked equal because it was assumed that regardless of on-property or off-site disposal, the 
equally difficult to retrieve. Alternative 2 was ranked the lowest because it is more 

ire future remediation and it would be more difficult to retrieve the waste. Although 
the same cap as Alternatives 4A and SA, the waste in 4A and SA has already 

and is in a more retrievable form. 

o monitor the effectiveness of a remedy is evaluated based on the adequate monitoring 
of exposure pathways and on the risk of exposure should monitoring fail. Based on these criteria, 
Alternatives 4B and as most preferable with Alternatives 4A and SA as the second 
most preferable. Al rated the least preferable alternative. The two vitrification 
alternatives (4B, SB ghest based on vitrified materials representing less of a risk 
should monitoring umed that either an on-property or off-site disposal facility would 
be subject to com g requirements. The cement stabilization alternatives were 
ranked second for similar reasons, and the in situ alternative was ranked last due to difficulties in 
monitoring leachate. The engineered disposal facilities, whether on- or off-site, would have leachate 
collection/detection systems built in that the 

Administrative feasibility is evaluated bas 
are necessary and if they can be obtain 
4B, and 2 were ranked first, second, an 
were rated the least preferable. The bi 
property versus off-site disposal. The shipment of large am0 

across numerous state boundaries could result in significant di 
and federal agencies (U.S. Depamnent of Transportation [DO 
delays. Vitrification was rated lower for both on-propeny and 
power demands could require negotiations with local utilities. 
on-site alternative because it involves relocation of Paddys Run and possible approval from the 

alternative would not have. 

coordination and approvals from other agencies 
a 

peny disposal options of Alternatives 4A, 
ely. The off-site Alternatives 5A and 5B 

administrative feasibility involves on- 
off site and probably 
proval from other state 

ult in significant schedule 
rnatives because large 

mative 2 was rated the lowest 

* COE. 

Availability of services and materials is evaluated based on: (1) the availability o 
facilities, (2) availability of necessary equipment, specialists, services, and materials, 
technologies are generally available or need further development. Using these 
Alternative 2 was ranked as the most preferable alternative. Alternatives 4A and 4B 
and Alternatives SA and SB were the least preferable. Alternative 2 requires no additional disposal 
areas, has readily available equipment, and uses proven technology. Currently, there is no off-site 

a 
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facility that will accept the waste; therefore, the off-site alternatives rank below a l l  three on-site 
a 

en if off-site facilities were available, public opposition to transporting such large 
ss state boundaries and through local communities is a potential problem. 

ubcriterion into account the overall ranking for implementability is: Alternative 2 is 
ferable, Alternative 4B is second, Alternative 4A is third, Alternative 5B is fourth, and 

Alternative SA is the least preferable. 

4.3.7 Cost 
The capital cost ev 
costs required for e 
highest ranking. 
ranks second with a 
Alternative SA ranks fourth with a cost of $1.80 billion, and Alternative 5B ranks last at $2.25 
billion. 

on the construction, equipment, buildings, services, and disposal 
. The alternatives are ranked with the lowest cost receiving the 
ative 2 ranks first with a cost of $139 million. Alternative 4A 

illion. Alternative 4B ranks third with a cost of $1.78 billion. 

The total present worth of long operation 
postconstruction costs necessary to ensure 
the alternatives are ranked with the lo 
Alternatives SA and 5B rank best with 
Alternatives 4A and 4B rank next wi 

million. Alternative 0 had a long-term O&M cost of $9 milli 

The total cost of each alternative is a combination of the capi 
are ranked with the lowest cost receiving the highest ranking. 
with a cost of $205 million. Alternative 4A ranks second wi 
Alternatives 4B and 5A rank third with costs of $1.80 billion. Alternative 5B ranks last with a 
cost of $2.25 billion. Figure 4-12 shows the relationship of the costs of each alternative to the 
others. 

ance evaluation is based on the 
ed effectiveness of a remedial action. Again, 

g the highest ranking. Therefore, 
&M because the waste is no longer on site. 
. Alternative 2 ranks third with $66 

M costs. The alternatives 
Alternative 2 ranks best 

against the two threshold and five balancing criteria. 
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Alternatives 1 and 3 were dropped in the initial Screening stage. Alternatives 2,4A. 4B, 5A, and 
the requirement for the protection of human health and the environment and the 

these alternatives, the preferred alternative will be chosen. 

f the degree of compliance or divergence with the threshold and balancing criteria is 
found in Table 4-1. This table represents the state of the FS for Operable Unit 1. Table 4-2 
shows the rankings of each alternative with respect to the criteria. 

Additional data modifications before the RIFS process is complete. Specific 
unresolved items properly conclude the RWS include: 

d Clearwell sampling 
waste material 
, and geotechnical analysis of waste material 

The next step in the RUFS process is 
which will ultimately be implemented 

the final selection of the preferred alternative by the EPA, 
.... 

TWXIUl-lSISA.lSW/l2rl~-90 , 4-37 
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A.l.O DESCRIPTION OF TECHNOLOGIES AND PROCESS OPTIONS 

A. 1.1 Gaming! flnfiltration Camin& 
The capping specified for this alternative is a multiple-layer design that minimizes the vertical 
infiltration of storm the Operable Unit 1 area. Because of extended service life 

incorporated into th facilitate cons~~ction. 
such as flexible membrane liners (FML) or geotextiles may be 

ils will be placed and contoured to provide long-term cap - 

support and to minimize any potential future settlement problems. The multiple-layer cap design 

will consist of the following elements: 

Clay layer 

permeability will be 
design, the proposed 
of the Code of Fede 
p a t e r  long-term resistan 
attack, thereby minimizing the possibility of 
Caps must also meet the requiRments set fo 
4OCFR192 for control of radon through 

radioactive waste 

s thicker than that specified under Title 40 
264. This additional thickness will provide 

cracking and potential vegetative root 

containment of 

Drainage layer 

A two-fWt-thick 
placed over the clay and consist of two 1-foot-thick layers. The upper layer will be a 
graded n a h d  aggxegate filter protecting the lower drainage layer from clogging. 
Although more costly to procure and install than the typical Reso 
and Recovery Act (RCRA) geotextile filter fabric, the all-natural 
alleviate concerns over long-term material durability, as well as 
drainage layer performance including: 

- Reducing the hydraulic driving forces acting on the clay laye 
removal of water percolating through the vegetative cover 

- Balancing the moisture content of vegetative and clay layers against seasonal 
extremes, including drought 
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- Providing an intrusion bader to protect the clay layer against deeprdoted plants 
and burrowing animals 

getative 

e two-foot-thick vegetative layer placed over the drainage layer shall be composed 
common clean soils with the upper thnx-inch thickness capable of supporting a 

hardy, persistent growth, shallow-rooted (zero root density at 12 inches deep) grass 
crop. 

The vegetative layer protects the clay layer against environmental abrasion including 
w damage, erosion, and hydraulic-induced-stresses caused by 

r. The vegetation on the surface should be maintained to 

All cap layers will grades that promote drainage while minimizing the effects of 
ion. In addition, based on the extremely long half-lives of - 

various radionuclides present in the waste, 1OcFR40 Appendix A will be used in determining cap 
thickness. 

Present non-RCRA regulatory criteria, such 
designs that minimize both maintenance 

61.7@)(5), and engineerkg practices require 
r infiltration, as well as providing structural 

longevity for intrusion bamer purposes Y-. 

A. 1.2 Clarification 
Clarification is also known as sedimentation and involves the 

liquid by gravity. It has no effect on the dissolved solids. 

Clarification can either be used as a pretreatment technique 
contaminants before downstream processing or as a final poli 
effluent suitable for direct discharge. Solids separation is usually enhanced by flocculation. 
Clarification can be performed in large tanks or pits (preferably with a sloped bottom) or in 
package equipment supplied by vendors. 

Clarification will not reduce the hazards associated with the solids, but it will reduce 
The sludge and wastewater produced by clarification will probably have to be tre 

adverse environmental effects would be expected from this process. Clarification is a common 
process that can be included in the wastewater treatment system. In fact, some clarification of the 
wastewater in pits and lagoons has probably already occurred. 

suspended solids from a 

c or inorganic 
step to produce a high quality 

FERlOUI -1 SEA. 150- 1 /I %IO-#) A-1-3 
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A. 1.3 Dvnamic ComDaction 
paction iholves dropping 5- to &ton weights from heights of 20 to 100 feet. 
mpaction of surface and subsurface soils. A largecapacity crane repeatedly lifts and 
ight at one location before moving on to the next location. 

gy has been proven very effective in treating all types of soils, even at 60-foot depths, 
and has been shown to be extremely cost-effective. The technique will generate various depth 
craters dependent on the subsurface conditions. To minimize the potential of contaminate release 
into the surface env ck soil blanket (approximately four or five feet) is placed over 
the treatment area. support activities would be required before the start of any 
compaction effort: 

\ 

confirm the technology’s abilities 
Remove and treat free-standing water 
Evaluate and implement groundwater conml measures 

After treatment, the soil blanket will be co 
control measures will be installed to make 
secure and permanent waste disposal uni 

A. 1.4 Filtration 
Filtration is a method for separating solids from a liquid. Th 
a media that allows the liquid to pass through while trapping 

Filtration is commonly used in wafer treatment plants for soli It can be performed in 
pmsure filters, vacuum filters, gravity Nters, bag filters, or ge ftlters. Pressure filtration is 
typically used for dewatering sludges and reducing transportati disposal costs. The feed to 
the pressure filter may have to be conditioned and thickened with inorganic chemicals. Bag and 

camidge filters are typically used to provide additional treatment to affluent w 
discharge. Filmtion typically produces filter cakes that contain 20 to 50 percent 

Filtration usually provides a better separation of solids from water compared 
Filtration will not reduce the hazard associated with the insoluble wastewater 
will reduce their volume. The filter cake can be treated with the other sludges. The wastewater 
may have to be treated further. 

d a RCRA-type cap constructed. Groundwater 
i d l y  compacted area an environmentally 

filtered passes through 

A-14 
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There m no environmental concerns associated with filtration except the disposal of any hazardous 
Filtration is a commonly used unit operation and can be cost-effective. 

quid separation operation that may be used as part of the waste treatment 
unlikely to be a cost-effective volume reduction technique for the semisolid 

used to remove low levels of solids from wastewater or to reduce the 
volume of sludges produced by clarification processes. 

A. 1.5 Flocculation 
Flocculation is the coagul 
relatively easier separation 

Flocculation is primarily ss and will help remove only the suspended solids and 
will not affect the dissolved solids. Typically, chemicals such as alum, femc chloride, and high 
molecular weight polymeric compounds are added to help agglomerate the particles. More than one 
flocculent is normally used for removing inorganics 
and clarification/filtration. Typically, laboratory-s 
and dosage of flocculent. 

Flocculation could be a part of a system to re 
Flocculation will not reduce the hazard associated with the solids, but it will facilitate their 
subsequent treatment and disposal. The wastewater may have to be 
The sludge could be pmessed with the other sludges for disposal. 
environmental impacts should not result from this process if the fl 
stored. Flocculation costs are usually relatively low. However, de 
dosage of flocculent used, the costs can be high. 

colloidal suspended solids into larger particles to allow 

unction with neuualization/precipitation 
settling tests m required to select type 

ded solids from wastewater. 

A. 1.6 Hydraulic RemovalDredning 
Hydraulic removal/dredging uses properly selected and designed pumps, with material di 
mechanisms, drivers, suction and discharge line, all included in a site-specific, self-conta 
package. 

Hydraulic removal/dredging is generally limited to excavating slurries containing 10 to 20 pe 
solids by weight. It offers flexibility in pumping the slurryhediment a considerable distance 
(several thousand feet) to a designated treatment/storage m a .  

~Ul-lS/SA.lSO-lil~lO-90 A-1-5 
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By combining the capabilities of plain suction, cuttehead, and portable dredges, a site-specific 
0 

unit can be ordered to pump a slurry with a larger percentage of solids. Similar 
ilt in the past and have a ddg ing  depth capacity of 10 to 50 feet. 

od cannot be used for the removal of 55-gallon drums or other similar, 
. Therefore, mechanical removal methods would be employed to complete waste 

removal by excavation. Hydraulic dredging is appropriate for Pits 5 and 6 and the Clearwell 
because of the standing water. Its use on other pits would require the addition of large quantities 
of water after the cover n mechanically removed. 

A.1.7 Ion Exchange 
Ion exchange is a proce 
them with other (counte 

n dissolved ions are removed from water by exchanging 
insoluble solid (resin). Ion exchange resins are typically 

polymer beads that have been modified by the addition of chemical groups which attract various 
ionic species. The resins can be regenerated for reuse with a smng solution of the exchangeable 
counter ion. Resin types range from general pu 
salts to selective chelating resins that have high 

ineralization resins that remove nearly all 

Ion exchange is used extensively for water an 
of a variety of industrial wastes to allow for 

ament. It is used also for treatment 
materials or by-products. Additionally, 

ion exchange has been used in waste treatment for removal and recovery of ndioactive materials 
from contaminated streams. It is usually used to remove low leve 
between 100 and 500 ppm) and is not cost-effective at higher conc 
with ion exchange can achieve very low effluent concentrations of 

Ion exchange may be used as a final treatment to remove trace me 
wastewater. The resins may be used once and disposed of or they may be regenerated, which will 
produce a concentrated waste stream for treatment and disposal; the concentmted regenerate may be 
treated with the sludge. Ion exchange is an easily implemented, reliable, commercial 
Treatment cost is moderately expensive and will depend on the type of resin employ 
quantity of the various ionic species removed from the wastewater. 

d radionuclides from dilute 

0 
A-1 -6 
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A.1.8 Mechanical Removal 

oe - A backhoe is normally used for trenching and for other subsurface 
ation where the excavator remains near the original working level. Backhoes 
echanically or hydraulically operated in a drag and hoist maneuver and are 

crawler-mounted. The lateral and vertical reach of a backhoe is limited by 
of the boom. Conventional backhoes are capable of digging to a depth of 
tely 40 feet. Deeper digging depths (up to 80 feet) are achieved by using 

modified backhoes with extended booms, modified engines, and counterweights. 

Backhoes have limited lateral and vertical reaches that can be improved by using an 
extended 
of materi 

machine. They are capable of excavathg alqost any -&pe 

pport equipment are required for a successN operation. 

Clamshell or grab bucket) is a crane-operated mechanical removal 
ler-mounted for this application. A clamshell is normally 
up to 100 feet. Production rates for clamshells are 

relatively low, typically in the range of 20 to 30 cycles per hour, and vary with 
depth, working media, and swing angle. Clamshell buckets range in capacity from 1 
to 12 cubic yards. A large-capaci y designed bucket could be used for this 
application. The bucket could be so that the probability of losing material 
during hoisting would be reduced 

Clamshell dredging can exc material (except highly consolidated 
sediments and solid rock). one at nearly in situ densities. 
Clamshell dredges can be ope areas, and by using a long boom, 
operator exposure can be m blems are low production, potential of 
losing material during hoisting operation, and high energy/operational costs. Material 
transport and support equipment are required for a su 

Front-End Loader - A hnt-end loader is a tractor wi 
hauling, and dumping materials. Frontend loaders 
hydraulically controlled bucket lift and can be either 
The front-end loaders’ buckets vary in capacity and 

Crawler-mounted loaders can be good excavators and to cany material as far as 
300 feet Medium-sized crawler-loaders typically have maximum bucket capacities of 
5 to 6 cubic yards. Rubber-tire-mounted loaders for high production operations on 
stable surfaces have bucket capacities up to 20 cubic yards. Usually f rontad loaders 
are used in combination with excavation equipment like backhoes. 

Draghne - A dragline is similar to a clamshell and is also a crane-opera 
that would be crawler-mounted for this application. The primary difference 
dragline bucket is loaded by being pulled across the material, whereas the cl 
dropped into the material and hoisted vertically. A dragline can be used to 
many types of materials. 

The dragline has a longer reach than a clamshell and better horizontal control. It has 
a greater potential of hoisting material and may require a specially designed bucket 

rubber-tire-mounted. 

FEIUOU1-15/SA.15O-l/l2-10-~ A- 1-7 
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A.1.9 On-Pro~ertv Dimsal Facility 
ulus or *aboveground waste disposal facility could be constructed for the disposal of 
rial. The proposed turnulus disposal concept basically consists of mounding over 

n placed on a stable structural pad. The aboveground structure is a reinforced 

structure will accept only dry waste placed in noncorrosive containers andlor highly 
te structure designed for permanent waste disposal. Both the tumulus and the 

stabilized/solidified waste forms. The following design(s) are being considered: 

cap with leachate collection/detection systems (LCDS) and 
ncrete intrusion bamer 

ver over the waste forms, will be based on the five- 

- Low permeability (1 X lo-' cm/s, maximum) multiple clay liner underlayment with 
LCPS 

Aboveground Structure 

- Designs 1A and 1B - Th 

(a) Design 1A with 
(b) Design 1B is wi on system or the HPDE 

liner (only a pri 
(c) A RCRA-type cap can be placed over the closed structure 

nstructed directly on grade (Figure A-2) 

- Designs 2A and 2B - The vault is constru 
placed six feet over grade using an extended 
(Figure A-3). 

(a) Design 2A with a liner system including 
(b) Design 2B is without the secondary leac 

liner (only a primary leachate collecti 
(c) A RCRA-type cap can be placed over the closed structure 

ctural support slab 
rced concrete foundation 

d o n  system or the HPDE 

As a condition of placement, no untreated (wet, raw) waste or free liquids will 
disposal in any on-property disposal facility. After treatment the resulting waste 
placed in bulk and/or containerized as follows: 

Dry (having a moisture content less than 15 percent by dry wei 
noncorrosive, structurally adequate container 

Pumpable, self-leveling, setable grout/waste mix; this grout/waste mix will be termed 
"waste Crete" 
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As with all on-property disposal technologies, a properly designed site, as well as regularly 
maintenance pmgrams will be required in perpetuity. 

meet the U.S. Department of Transportation's (DOT) stringent 
ctive materials. DOT in 49CFR provides a number of general 

categories under which radioactive material may be shipped. Within the possible shipping 
designations allow 
tain restrictions): 

om, there are four which apply to the waste pits (with cer- 

) material 

... 

Under each of these categories, the Operable Unit 1 residues will be specified as "normal form" 
because they have not been tested to 

A.1.10.1 Limited Ouantities 
The term "limited quantities" of radioacti 
articles and the smallest quantities of ra 
watches, clocks, and smoke detectors 
residues could be made to conform to the restrictions of this c 
practical. This classification places a restriction on the activit 
container and because of the assumed concentrations of thon 
require an inordiite number of packages to ship the wastes. 
accounting for this number of packages alone renders this s 

shipping of the pit wastes. 

ts of 49CFR173.469. 

a designation for shipping the least restricted 
. Generally, items such as radioactive 

this category. Although the waste pit 
it would not be 

in each shipping 
in the wastes, it would 
of taking inventory and 

on unsuitable for the 

A.1.10.2 Low SDecific Activity 
The advantage to shipping radioactive material as low specific activity (LSA) is 
from using specification packaging (Le., Type A, Type B, etc.). Whereas the o 
shipping classifications place a limit on the curie content of a package, the LS 
places a limit on the specific activity of the contents of each package. 

A-1-12 
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Pit waste will have to meet the restrictions of 49CFR173.403(n)(4) which states: "Material in 
ioactivity*is essentially uniformly distributed and in which the average concentration 

.OOO1 millicurie per gram of radionuclides for which the A, 
quantity is not more than 0.05 curie 
0.005 millicurie per gram of radionuclides for which the A, quantity is more than 
0.05 curie, but not more than 1 curie 

(iii) 0.3 millicurie per gram of radionuclides for which the 4 quantity is more than 1 
curie." 

Note: ''& 
low 

um activity of radioactive material, other than special form or 
ty radioactive material, permitted in a Type A package. 

In order to apply thi must be noted that 49CFR173.433@)(3) states that "In the case 

of a mixture of different radionuclides, where the identity and activity of each radionuclide is 
known, the permissible activity of each radionuclide R1, b, ...% must be such that F, + F, + ... + 
F, is not greater than unity, when: 

Total activity of R, F, = 
Ai@,) 

Total activity of R, F, = 
A i 0  

Total activity of Fn = 
A i 0  

where Ai@,, K, ...RJ is.the value of A, or A, as appropriate 

Note: "A1" is the maximum activity of Special form radioa 
package. 

What all  of the foregoing means for Operable Unit 1 is that the radionuclides in 
present in the pits will have to be divided into three categories: those with an 
less than 0.05 curies, those with an 4 value greater than 0.05 but not more than 1 

with an A, value greater than 1 curie. Then, using the above formula, the max 
concentrations may be calculated to determine packaging requirements. 

A-1-13 
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A.1.10.3 T m  A Quantities 
can be shipped in Type A packaging that requires the activity level in each 
ceed the A, value for the radionuclide of concern 49CFR173.412 lists the design 
specifications for Type A packaging. Type A packages are designed to more 
ents than LSA packages and are typically used for the packaging of materials 

with greater levels of radioactivity. Type A containers are generally more expensive than LSA 
containers. 

Because of the activity 
A packages the wastes 
Quantities discussion, 
would be prohibitive. 

pit residues and the package activity level restrictions for Type 

r storing and accounting for a large quantity of packages 
an inordinate number of packages. As in the Limited 

A.1.10.4 T v ~ e  B Quantities 
Type B packaging is required for all was 
10CFR71.51 lists the design and performance 
packaging is constructed to much higher s 
therefore much more expensive. 

Generally, shipments of Type B quantitie 
in a Type B overpack for transportation purposes only. The mai 
are the use of larger packaging and reduction of risk during ship 
packaging. The main disadvantages are cost, increased number 
overpacks. 

A. 1.1 1 Reverse Osmosis 
Reverse osmosis (RO) involves diffusion of water through a semipermeable membrane with applied 

A packaging requirements. 

either Type A or LSA packaging and is 
ents for Type B packages. Type B 

ary disposable container that is placed 
to Type B shipments 
of the higher grade 

s, and use of Type B 

pressure. It is a separation process that can retain particles (including dissolved species) as small as 
1 to 10 Angstroms. 

Historically. RO has been associated with removal of salts and inorganic compounds 
water. Unlike water, salts and other contaminants cannot pass through the semipermeab 
membrane and are concentrated. The degree of concentration depends on the pressures on the 
membrane. Membranes can foul, thus reducing treatment rate. This situation happens if the 
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solubility limit of any of the salt species in wastewater is exceeded; chemical reagents known as 
be adid to reduce this effect. 

to concentrate the salts in the wastewater. Calcium sulfate fouling can be a 
ating most of the FMPC wastewaters. RO will not d u &  the hazards associated 

ts but will facilitate their subsequent tnxitment and disposal. Adverse envimnmental 
effects should not result from this process. RO can be implemented with commercially available 
process equipment; rate compared to other wastewater treatment processes. 

Shallow soil mixing 
chemicals to produ 

ethod of mixing soils or sludges with dry or fluid treatment 
r stabilized end product. SSM is designed to provide in situ 
to a depth of 30 feet or more using a crane-mounted mixing - 

system. The mixing head is enclosed in a bottom-opened cylinder that allows a closed system for 
the mixing of waste and treatment chemicals. As the mixing head blades pass in an up-anddown 
motion through the waste, a negative pressu aintained on the cylinder headspace to pull any 
vapors or dust to an air treatment system. 

Characterization Investigation Study (CI 
contain sludges from plant production 
and the Bum Pit contain large quantities of drums, constructio 
debris. Therefore, SSM, as a stabilization technology, will be 
the Clearwell. 

Pits 5 and 6 and the Clearwell exclusively 
soil sediments, whereas Pits 1 through 4 

miscellaneous site 
y to Pits 5 and 6 and 

The SSM system has the advantages of a negative head pres f any off-gases and/or 
dust, waste matment by stabilization chemicals that can be ned during mixing 
operations, and operable to mixing depths of 30 feet or more. Therefore, SSM shall be retained as 
a viable technology for in situ waste stabilization in Pits 5 and 6 and the Clearwell. 

.... 

A.1.13 Sludge Treatment ODtions (Sludge Processing BY In Situ Vitrification) 
Most of the sludges to be mated are composed of lime and soils, with contamination 
radioactive and nonradioactive metals as well as some organics. The materials in so 
and ponds do not have sufficient load-bearing capacity to support the equipment that 
during in situ trearment. The first step for in situ treatment, therefore, is to prepare an adequate 
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surface over which equipment may be moved. This is done using various surface stabilization 
lude vibratory sealing, sand or cement addition, and compaction. 

on involves adding sand to sludges, placing electrodes into the pit, and then 
ng the sand/sludge mixture to form a glass-like monolith. This glass has low 

and will not allow the migration of contaminants from the pit. A hood is placed over 
the pit during this process to collect off-gas generated by the heating. 

Off-gas generated du 
scrubber. The scrub 
discharge. Treatme 
described in other p 
remediate a single 
wide variety of wastewaters from remedial actions at various locations mund  the facility. 

fication is treated by an air pollution control device such as a 
te a contaminated wastewater stream that must be treated before 
will be done using one of the water treatment strategies 

uld also be done at a centralized facility designed to handle a - 
astewater treatment could be done using a portable unit to 

The vitrified wastes can be left in place. 
best long-term stability of any waste form. 
aesthetic purposes. 

be highly resistant to leaching and have the 
ed waste can be capped with clay or soil for 

Sludges will be removed from the sites using one of the tec 
removal" technologies and will be delivered to a sludge treatm r sludges containing 
low levels of organics, the necessary veatment should prevent ation and/or contaminant 
migration at the disposal site. This will be accomplished by sl or vitrification. Some 

vitrification 

The sludge-drying process includes dewatering in a filter press or centrifuge. Wastewater from this 

process will be discharged to one of the wastewater treatment systems installed a 
Dewatered sludge will then be dried further using a thermal dryer. This unit u 
water until the sludge is in a dry solid form. Sludges containing organics mus 
off-gas collection and treatment systems. 

If vivification is necessary, the dried sludge could be placed in typical glass melting equipment or a 
reactor with sand and fluxing. agents and heated with electrodes. The sludge is melted and 
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contaminants bound into a glass-like substance that prevents leaching out of the material. The 
ss generates off-gas that requim treatment by a unit such as a scrubber. The 

nerate a wastewater stream that will be sent to a wastewater treatment system. 
waste could be placed in an engineered mound and vitrified using in situ 

A. 1.15 Sludge Treatment ODtions (SolicsLiauid SeDaration, Stabilization, and/or Dryin& 
Organic-free sludges may be treated by several treatment scenarios involving solid/liquid separation, 
drying, and stabilizati id separation will be done when it is cost-effective to remove 
liquid from the sludg treatment. Some sludges may be sent directly to stabilization 
if their water content at needed in the stabilization mixture. SoliUiquid separation 
will be done before ess the sludge to be treated does not contain enough water to 

allow it to be effective. 

Sludge-drying involves heating the sludge to evaporate .... water and forming a powder out of the 
sludge. Dried sludge can be sent to stabiliza irectly to disposal. Potential fugitive dust 
emissions must be controlled during this p 

Stabilization is accomplished by adding fl 
sludge. Stabilized wastes will then be se 

halt, or other stabilizing materials to the 

Sludges containing organics require treatment in systems that co e emissions of organics 

needed. SolidAiquid separation may be done on a filter press or centrifuge and generates a 
wastewater stream for treatment. 

Thermal desorption uses an indirectly fired kiln or other equipment to heat the sludges 
temperature that drives off organics and water. The vapor from the desorber requires 
unit such as a fume incinerator. Off-gas from the incinerator may require further trea 
scrubber system for particulate and chloride removal depending on the organics p 
blowdown water is then sent to a wastewater treatment unit. 0 
FEWOUI-15/SA.150-1/l2-10-90 A-1-17 
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Dry sludge from the thermal desorber may be disposed of directly or may q u i r e  stabilization 

t will prevent leaching of the solid. Potential fugitive dust emissions must be 

Stabiiation involves the addition of fly ash, concrete, asphalt, etc., to form an 

Slurry walls are the most commonly used subsurface barriers. Slurry walls are constructed in a 
vertical trench that i 
and water) assists i nch to prevent collapse and forms a filter cake on the trench 
walls that prevents 

Backfilling, perform 
type of slurry wall. 
this work m a  should be located adjacent to the slurry wall installation site. 

slurry (which is usually a mixture of bentonite 

als mixed with a bentonite and water slurry, results in this 
rea requirement for on-site sluny preparation to be effective;. 

For slurry walls to be effective it is necessa 
slurry wall should extend to the least perm 
depth below the bottom of the waste. 
subsurface conditions and materials is 
slurry wall extends) and the soil-bento 
of wasteball compatibility should be addressed early in the design by permeability testing of the 
proposed backfill mixture with actual site leachate or ground 
results, suitable design and support activities can be m m m e  

Slurry walls can also be placed upgradient from the waste 
waste thus minimizing leachate production. 

them in conjunction with a suitable cap. The 
erlying layer and go to a predetermined design 

sign investigation characterizing the 
ilities of the subsurface layer (to which the 
critical elements in the design. The issue 

on the investigation 

divert groundwater away from 

A. 1.18 Solidificaiton and Stabilization of Radioactive Materials 
Radioactive waste forms are defmed as Class A, Class B, and Class C per 1 
Solidification process applies to Class A. Stabilization pmess is applicable 
Solidified Class A waste products are free-standing monoliths and have no 
of the waste volume as free liquids. Stabilized Class B and C wastes must meet 
for Testing and Materials ( A m  standards for compressive strength, expo 
biodegradation, and leaching as stated in the U.S. Nuclear Regulatory Commission (NRC) Technical 
Position on Waste Form. 
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Although there is a difference between solidification and stabilization, this discussion will mat them 

and to provide structural integrity to prevent slumping, subsidence, and collapse or 
n disposed. A number of different solidification agents are available including 

lidificatick may be necessary for preparation for disposal to reduce liquid volumes to 

t, limestone, fly ash, gypsum, absorbents, resins. and polymers. Laboratory testing 
ired to determine the proper solidification formula. 

A.1.19 

This technology typ 
overburdening the a 
the compaction go 
surcharging an0 tating surcharge technique”). 

nsification and subsidence in incompetent soils by mounding or 
with large fill soil quantities for a long period of time. After 
soil overburden may be removed and discarded or used for 

This technology is one of the simplest and least expensive methods for large area mtment. This 
method can be used most effectively in free-draining soils but can be readily applied to fine- 
grained and cohesive soils by installation of 
drains to decrease the waste consolidation 

ns, collection trenches and sumps, or wick 

If drains ~IE installed, they will provide 
Pore water would then be collected and 
contamination. 

contaminated pore water to the fill surface. 
ould potentially expose workers to 

If the drains are not used, the surcharge would force the con 
surrounding soil and confining basin subsoils leading to a poss 
contaminants for a short period of time. In either case, the 
compacted wasWsoil matrix for closure-capbearing purposes. 

water into the 
se in monitored 
d produce an adequately 

Before the start of any full-scale stabilization efforts, the following support activities would be 
required: 

Field and/or laboratory studies to confirm the chosen technology’s abiliti 

Removal of any free-standing water from the treatment area 

Evaluation and implementation of tempomy and permanent ground 
measures 
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- Temporary wellpoints or withdrawal wells outside the treatment areas during 
construction 

Slurry wall technology 

Upgradient groundwater interceptor ditches and drains 

- Combinations of the above 

After treatment, the surcharge would be removed to design-specified elevations, and a RCRA-type 
required groundwater conml measures to provide an 

environmentally secu te disposal unit. 

r wells, wellpoints, and suction wells, has been used for 
dewatering lagoons in large-scale operations where the volume of sludge or sediment would require 
an inordinately large number of mechanical dewatering units such as filtem and centrifuges. 

This technology’s essential features are: 

Wellpoints - An array of 
the waste and joined to a 
Wellpoints typically have 
to 35 gallons per minute 

three to five feet apart, are placed into 
ipe leading to a vacuum pump. 

iameter well screens and are capable of up 

a 

Suction Wells - May be defined as large well 
with capacity greater than 35 gpm in granul 

Ejector Wells - May be either single-pipe or tw nent systems with the 
single-pipe ejector wells most commonly used. utilization purposes, 
the evaluation will be limited to the single-pipe ejector pump system 
consists of a water tank, pump, required valves, ping. In the single-pipe model, 
supply water flows downward between the well and the inner ejector return 
pipe, and a packer assembly separates the supply water from the groundwater so that 
different pressures are developed. Return pipe flow is a mixture of supply water and 
groundwater that recharges the system water tank. Excess tank water is removed for 
ueatment, while the balance of the water is recycled for groundw 

t inches in diameter 

A.1.21 Vertical Drains 

This technology provides pore water pressure relief to facilitate the natural co 
fine-grained soils. Sand drains are vertical columns filled with sand extending throu 
treatment zone. They are placed on a closely spaced pattern. Wick drains are strips of material 
that are pushed into the full depth of the soil treatment zone. They are also placed on a closely 

a 
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spaced pattern. Each wick is composed of a p v e d  or studded flat core sandwiched by a single- 
c on eider side. In the last 10 years, wick drains have become the technology of 

f sand drains. Therefore, only wick drains will be assessed. 

n equipment inserts the wick to the desired depth. The wick provides a pathway 
water to reach the surface for collection and treahnent. 

The d d n s  can be used more effectively if incorporated into other settlement technologies. 

Wick drains a and have been used on projects in al l  parts of the world. 

and collection of free pore water, there may be a potential of 
on. Before the sm of any full-scale stabilization efforts, the. 

Because of the 
environmental and 
following suppon activities would be required: 

Carry out studies to confirm the technology's abilities 
Remove and treat free- 
Install a protective soil 
platform for equipment 
Evaluate and implement   TO 

exposed waste to provide a safe working 

After treatment, wick drains can be 
conjunction with groundwater control measures to provide an environmentally secure and penanent 
disposal unit. 

A-type cap will be consvucted in 

A. 1.22 Vitrification 
Vitrification converts contaminated solids into a glass (am0 

that has mechanical and chemical durability properties simi 
temperatures between 1100" and 16oo"C, will d e m y  organics and fix metals into the non- 
leachable solidified melt. In vitrification the waste mixture must have sufficient mineral content to 
form the glassy/crystalline matrix. If the waste is low in silica or alumina com 
added in the form of sand or soil. 

talline mineral matrix 

Glass melting equipment (both continuous and batch) and in situ techniques c 
wastes. Conventional equipment, including "cold cap" and "drop tube electm 
studied for vitrifying radioactive waste. Batch (in can) melting of radioactive waste has been 
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studied. A stirred tank melter has also been proposed but not extensively studied. Gas-fired 
t approphe because of air pollutant emission contml requirements. 

p tube, and stirred tank melters would be fed a mix of waste, sand, and fluxing 

resemble bottle glass. This product could be entombed or buried as required for final 
d produce a glass melt to be "pulled" off. This melt could be cast as blocks or frit 

disposal. 

For in situ vitrificati 
energy required to h 
buried in the waste. 
(joule heating). For 
six feet. Large si by successive vitrification of adjacent blocks or zones. Another 
modified in situ approach that may have a wider application is placing the contaminated waste from 
a site in a pit or an aboveground mound an 
wastes and addition of sand or soil to impm 

Any vitrification process will produce o 
organics, and some particulates. Some 
lower than with other thermal technique 
collected and treated. 

ontaminated waste is not excavated but is vitrified in place. The 
e waste is supplied by applying electric current to electrodes 

molten waste is conductive, it is heated by its own resistance 
be cost-effective, the depth of contamination must be at least 

itrifying it. This allows mixing with other 
melting characteristics. 

g steam, products from combustion of any 
olatilized but these emissions should be 

m any vitrification process must be 

. . . . . . . . 

A.1.23 Waste Semenation (Waste Pits, Clearwell. Bum Pit) 
Waste segregation is a process that separates and isolates the 
waste stream. Waste sewgation as applied at FMFC will be 
in physical characteristics within the waste streams. 

ponents making up a 
by using the differences 

Waste segregation would be used on Operable Unit 1 to separate the metallic material, wood, and 
other debris from the other wastes in each pit. Review of the CIS data indicates 
metal materials were buried in the pits. Wood pallets and other debris are also r e p  
been buried in the pits. Magnetic surveys were taken to identify metallic objects 
This step was taken so test borings could take place without disturbing the metals. 
fragments were encountered in some of the test borings indicating wood materi 
Technologies for waste segregation include magnetic, eddy current separating, manual sorting, and 
screening/sizing: 

A- 1-22 
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Magnetic 

s method would further identify areas of ferrous materials within the pits. As 
er material is removed, visual inspection could be made to determine the type of 

aterial present and the best method for handling and sorting. When removing cover 
aterials, care will be taken to avoid puncturing dnuns or other containers. 
ecovered dnuns or containers will be isolated and sampled to determine RCRA 

constituents and radioactivity. 

. Eddy Current Separator 

nonfemus metals from a feed stream. The 

cy as metallic size increases 

Manual Sorting 

This method involves the "hands-on" separation of the different physical types of 
waste material. As metals or 
forms are encountered it would 
Special cleaning and decon 
before its disposal. 

of debris different from the majority waste 
uated and removed by the safest method. 
rocedures will be necessary for large debris 

. scrt!ening/sizing 

This method involves the 
to retain particles of a desired size range w 
to pass through the screen surface. This me 
The screen can be either moving or fixed. 
can be vibrating, revolving, or gyrating; wi 
most efficient. Fixed screens are usually inclin r separating larger 
materials. 

on of materials by a series of screens sized 
er particles and liquid 
materials by size only. 

moving screens 
ost common and 

A.1.24 Waste Dimsal Off Site 
After treatment, the FMPC waste can be transported to an approved waste disposal facility for 
permanent disposal. As a condition of disposal, no unmated wet, raw waste, or 
accepted for uansport. Bulk and/or containerized wastes may be transported as 

Dry (having a moisture content less than 15 percent by dry waste wei 
Pumpable, self-leveling, setable grout/waste mix; this grout/waste mix 
" Waste-crete" 

An additional requirement may be that the waste be characterized as either mixed or low-level 
radioactive waste. If identified as mixed waste, it will only be accepted in a solidified form. 
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Waste transport may be provided by truck or railroad. W e  radioactive waste from FMPC is 

to a &stern site, the availability and limitations of other approved waste sites 
in the period of time when waste will actually be available for shipment. 

readily accommodate rail transport by use of existing on-property track spurs. Rail 
many advantages over tnrcking, including: 

. Transport safety 
Low cost per waste tonbile transported 

tonnages at one time, which could possibly lessen the potential 

A possibility exists 
spur could be built. 

ed waste site may not have an available rail spur. However, a 

Truck transport can provide portal-to-portal service with the road system available between FMPC 
and the approved waste site. Depend waste is containerized, W d r y  cake, or 
solidified, the number of M trips (each 30 way) could range from 1500 to 5000. The 
main disadvantage of truck transport is C public roadways. These two-lane rural 
roads are heavily traveled with conside 
commuter MIC. 

a 
cross W i c  and regional access/egress 

Rail aansport with the existing system can provide an estim te of 90 tons of waste 
350 to 550. per car with 100 cars per train. The number of haul runs co 

A major consideration for any disposal technology may be the from local groups. While 
considerable local opposition should be expected, the mass rtation required to implement off- 
site disposal could be challenged in numemus local political jurisdictions along the transport route, 
creating macaptable site cleanup delays. 

A- 1-24 
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APPENDIX B 

HEALTH AND OCCUPATIONAL RISK CONSIDERATION FOR THE 
OPERABLE UNIT 1 FEASIBILITY STUDY AT 

THE FEED MATERIALS PRODUCTION CENTER 

B.1.0 INTRODUCTION 

This appendix provides support to the remedial alternative selection process for Operable Unit 1 at 
the Feed Materials Production Center (FMpC). A summary of the baseline conditions at the site is 
presented. The sum 
information describin ility, and environmental persistence data. "Baseline" 
physicochemical pm 
criteria "Reduction 
support for the balancing criteria "Long-Term Effectiveness and Permanence" and "Short-Term 
Effectiveness" is described. 

list of radionuclides and chemicals of concern along with 

perable Unit 1 wastes are described that affect the design 
ility, or Volume through Treatment." Also, the risk assessment 

. . . . . . . . 
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B.2.0 SUMMARY OF BASELINE RISK ASSESSMENT 

ummarizes results presented in Appendix D of the Remedial Investigation Report for 
1. An overview of the major aspects of that investigation and a description of how 
k assessment results impact the selection of remedial alternatives during the 

B.2.1 RADIONUCLIDES AND CHEMICALS OF CONCERN 
The baseline risk assessment characterizes the source tern by analysis of the contents of the pits 
and sumunding env 
that is currently of 

ia. The human health risk potential of each source constituent 
may be of concern in the future is considered. 

Current and future 
manganese, magnesi ne, methylene chloride, phenol, 1 ,l,l-trichlomthane, 
chloroform, ethyl parathion, methyl parathion, and toluene. Although other radionuclides and 
chemicals were detected at above-background 
suggest that the reasonable maximally expo 
future scenarios to those chemicals descri 

m include isotopes of uranium, technetium, strontium, barium, 

ntrations, fate and transport modeling results 
individual will be exposed in current or 

B.2.2 EXPOSURE PATHWAYS 
The baseline risk assessment considered 
the RME individual resulting from all reasonable exposure path 
grouped into three major exposure categories: direct exposure, d ingestion. 

The direct exposure scenarios considered included: 

ation exposures and chemical intakes for 
pathways may be 

Gamma radiation emitted by the contents of the 
Radiation from contaminants deposited on surface soils and sediments 
Contact with surface water while swimming 
Dermal contact with hazardous chemicals 

The inhalation pathways considered included: 

Radon progeny 
Airborne particulate and aerosol emissions 

Resuspended contaminated dusts and soils 
Release of contaminated materials from water used in residences 
Volatilization of chemicals from soils 
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The ingestion pathways considered included: 
a 

d water for irrigating 

onsumption of food contaminated by uptake of contaminants from soil 
onsumption of food contaminated by livestock ingesting contaminated soil 

Four fundamental conditions must be met for any exposure pathway to exist. Each pathway must 
have: 

porting the contaminant through an environmental medium to a 

location of the exposure 

Pathways that did not meet all four conditions were eliminated from further consideration The 
baseline risk assessment determined that three remaining pathways (inhalation of airborne 
emissions, ingestion of groundwater and foo with groundwater contaminated by surface 
water runoff from Operable Unit 1, and tion) may pose significant risks to the 
current group of critical receptors. In ad sment identified a fourth pathway, 
subsurface migration of contaminants fro 

future receptors. 
to groundwater, as a potential concern to 

B.2.3 HUMAN RISK CHARACI’ERIZATION 
Calculations of the doses and risks associated with the four si 
contaminants of concern are presented in the baseline risk as 

sure pathways for the 

B.2.3.1 Carcinogenic Risk 
Exposure of children to uranium via ingestion of contaminated sediments eroded from soils in 
Operable Unit 1 is assumed to be six years rather than a lifetime. The risk of c 
exposure pathway is 9 x 10’. 

The total risk of cancer from exposure to uranium in groundwater contaminated by su 
runoff is 2 x lo’ for the minimum water concentration and 3 x 1W for the maximum 
concentration. These risks apply to adults ingesting contaminated drinking water, meat, milk, 
vegetables, and fruit over a 70-year lifetime. 

a 
B-2-2 
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The risk of cancer fmm inhalation of airborne emissions from Operable Unit 1 is 3 x lo5. 

f cancer from current exposure to Operable Unit 1 contaminants is 3 x 104. This is 
e cancer risk range of 1 x 104 to 1 x lo6 as specified in 40cFR300 Subpart E. 

ptors have a lifetime cancer risk of 2.5 x 10' for radiocarcinogenicity and 1.4 x lo7 for 
chemical carcinogenicity due to ingestion of groundwater and food irrigated with groundwater 
contaminated by leac 
groundwater modelin 

pit constituents. This risk is based on fate and transport 

Under future land-u 
the pits, assuming 
cancer risk to these receptors is 1.0 for radiocarcinogenicity and 9.8 x lo' for chemical 
carcinogenicity based on fate and transport groundwater modeling. 

ture receptors could potentially be located immediately alongside 
rity control measures are lost after 100 years. The lifetime 

B.2.3.2 Noncarcinogenic Risk 
The chemical toxicity hazard associated w 
appear to be of concern. A hazard index 
dose (RfD), is used as an indicator of ch 
child ingesting 0.28 pg/kgday of urani 
day in the denominator. This suggests that children would 
than 10 percent of the RfD in this conservative exposure s 

The HI ranges from 7.97 x lo' to 1.4 x 10' for the modeled 
due to contamination by surface water runoff from Operabl 
1.59 x lo2 to 2.84 x 10' for the modeled maximum groundwater concentration. The total HIS are 
2.97 x lo2 and 5.93 x lo' for the minimum and maximum water concentrations, respectively. 
These HIS apply to an adult ingesting contaminated drinking water, meat, milk, ve 
over a 70-year lifetime. 

The total HI for ingestion of contaminated drinking water, meat, milk, vegetables, and 
70-year lifetime in the groundwater pathway is 0.1 1 for future receptors at the southe 

propew boundary within 100 years. The total HI for this pathway for a receptor adjacent to 

Operable Unit 1 within 100 to 500 years is 2.5 or greater than unity. 

to the elemental form of uranium does not 
is the intake dose divided by the reference 

The value of the HI associated with a 
ents is 0.093 using the RfD of 3 pgkg- 

of uranium that is less 

undw ater concentration 

it 

m U l - 1  5ISA.lM-2il2-10-90 B-2-3 
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B2.4 EXPOSURE TO ENVIRONMENTAL RECEPTORS 
vironmental receptors is being addressed in detail under the National Environmental 

) environmental impact statement @IS) being performed at the site. This section 
of radiological dose equivalent rates to plants, animals, and aquatic organisms 

uptake attributed to Operable Unit 1. These dose equivalent rates are not committed 
; they represent the dose equivalent delivered to the organism in one year from the 

estimated uranium concentration (picoCuries/gram [pCi/g]) in the tissue. The estimated maximum 
uptake of uranium Operable Unit 1 of 31.3 pCi/g would produce a radiation dose 
of approximately 2. using an average energy per decay for uranium of 4.5 million 
elecmvolt (MeV). ose to plant tissue is more than 550 times less than the 
radiation dose of 146 rted to reduce the growth of conifers, which are plants that are 
particularly sensitive echkovsckii et al. 1973). He&s have been reported to be 
unaffected by radi as 350 rads per day. Vegetation samples with radionuclide 
concentrations less than the estimated maximum would have proportionately lower internal radiation 
exposures. 

No comprehensive data are available on rad 
the vicinity of Operable Unit 1. A sin 
Waste Pit 5 (ASI/IT 199Oc). Radionucli 
detection limits, but uranium was de 
produce an annual dose of 1.6 rad. Radiation exposures requi 
chronic effects in mammals and bids are in the range of Seve 
Turner 1976; Snyder et al. 1976; Tester et al. 1968). Therefore 
affected by uranium in Operable Unit 1. 

The 95 percent confidence limit for total uranium in surface 
pg/L (9.2 m a ) .  Constant exposure to this concentration of uranium could be toxic to aquatic 
organisms in Paddys Run and in the wetlands in Operable Unit 1. The 48-hour L 
cladoceran Daphnia @.) mama, a sensitive test organism, was 6 mg/L total urani 
River water (Poston et al. 1984). Reproduction of 0. mama was suppressed at total ur 
concentrations of 0.5 to 3.5 mgL, with toxicity decreasing as alkalinity and h 

increased. 

ptake or exposure by mammals and birds in 
ple of small mammals was collected near 
in the composited carcasses were below 

ted organs at 18.6 pCi/g. This would 

a 

etectable acute to 

ds (e.g., Iverson and 
animals should not be 

e Unit 1 was 9221.3 

a 
B-24 
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Uranium concentrations toxic to fish are higher than those for invertebrates. For example, Parkhurst 
et al. (1984) reported that development of trout larvae was affected by uranium only at 

greater than 9 m a .  The 48-hour LC, was 59 mg/L total uranium. However, 
trations in surface water runoff from Operable Unit 12 would be greatly diluted by 
i River. Therefore, the fish in the Great Miami River should not be affected by 

rface water runoff from Operable Unit 1.  

B.2.5 UNCERTAINTIES 
The baseline risk assessment revealed significant uncertainties concerning constituents of concern 
and exposure pathwa 
relate to the potential 
contamination. The 
is presently unknow 
the exposure pathways addressed by the Operable Unit 1 FS report. 

the Operable Unit 1 feasibility study (FS). These uncertainties 
m the waste pits to subsurface soil contamination and aquifer 

butions to any contamination of these media from the waste pits 
tions would impact the list of constituents of concern and 

The mechanics of transport along the groundwater pathway are poorly understood and directly affect 
the estimations of dose and risk from this For example, metals are difficult to evaluate in 
terms of solubility in groundwater. The m the compound, the greater the potential for it 
to be mobile and become a future public via groundwater exposure. 

B.2.6 CONCLUSIONS 
The total cancer risk under baseline conditions is 2.5 x 10' for 
land-use conditions. 
as specified in 4OCFR300 Subpart E. 

-use and 1.0 for future 
This risk is not within the acceptable can of 1 x 104 to 1 x l o6  

B -2-5 
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BAO FEASIBILITY STUDY RISK CONSIDERATIONS 

is available for assessing the risks encountered during remediation 
detail required to characterize a remedial alternative’s ability to 

e long-term protection to the public and short-term protection to workers. The U.S. 
y @PA) has published guidance on conducting the baseline risk 

rsions of Part B, refiekent of preliminary remediation goals, 
assessment, which is Part A of the series, Risk Assessment Guidance for SuDerfund @PA 1989a). 
EPA is currently pre 
and Part C, evaluatio 

In lieu of guidance o 
task follows the me 

FS risk assessments, the general methodology chosen for this 
termine baseline risks: 

Determine contaminants of concern associated with each alternative, which 
identified in the baseline risk assessment 

Determine potential long-term -term exposure pathways associated with each 

Estimate hazards associated thway, either quantitatively or qualitatively 

alternative 

Specific methods used to estimate how 
identified pathway are discussed below. 

ves address risk considerations for each 

B.3.1.1 Direct Radiation 
Human health impacts associated with direct exposure to penetr 
for each remedial alternative by modeling potential exposures 
the radiation exposures with radiation shielding expected from 
code used to perform these calculations is called MICROSHIELD (Grove Engineering 1987). 

on fields are evaluated 

design. The computer 

MICROSHLELD is a microcomputer adaptation of the mainframe computer code I 
1966). ISOSHLD is a code first written in the 1960s for use on mainframe compu 
calculating the effectiveness of shielding materials. The microcomputer-based MI 
is capable of analyzing the shielding of gamma radiation for a variety of source and s 
geometries, source materials, shield materials, 
information is required including radionuclide 

and shield thicknesses. A limited amoun@$ginput . . . . . . . . 

identities and quantities, source material density, 

B-3-1 
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thickness and density for each layer of shielding material, and the distance to the receptor. 
0 

MICROSHIELD output includes the photon flux and the dose rate at the receptor location. 

sociated with exposure to airborne radon and radon progeny 

eness of each alternative for reducing radon releases with cover materials. The computer 

evaluated 
ial alternative by modeling potential exposures using a computer code that calculates 

code used to perform these calculations is called RAECOM (NRC 1981). 

RAECOM is a mul 
RAECOM code is c 
materials. A limite t information is required, including radium-226 (Ra-226) 

concentration in the 
coefficient for each layer of source and cover material. RAECOM output includes the radon flux 
rate exiting the surface of the upper layer of source or cover material. 

ensional radon generation and transport computer code. The 
ing the emanation of radon gas through a variety of cover 

the thickness, porosity, moisture content, and diffusion 

0 B.3.1.3 Groundwater 
Extensive modeling was performed to asses 
Unit 1 constituents under baseline conditio 
task: 

tential groundwater exposures to Operable 

). Three models were used to perform the 

EQ3/6, a geochemical code for estimating leachate concentrations 

STlD, a onedimensional analytical solution for e 
unsaturated glacial ovefiurden 

SWIFT 11 1, a three-dimensional model for estim 

The concentrations of constituents in the leachate flowing from 
Extraction Procedure (EP) Toxicity results and geochemical modeling. The flow of leachate from 
the waste pits to the receptor involves flow through both unsaturated (vadose zone) and saturated 
zones (regional aquifer, perched zones). Estimates of movement were performed 
retardation assumption. 

B-3-2 



FMPC-0115-2 
December 10. 1990 

The major worst-case assumptions used in the modeling include: 
0 

Precipitation enters the waste pits to act as the leaching fluid. 

eled leachate concentrations are limited only by the solubility of the identified 
species. 

achate concentrations from EP Toxicity data are based on acidic analytical 
conditions that may be unrealistic. 

The leachate concentrations are considered to be constant over time throughout the 
source depletion period. 

To determine to w 
to groundwater con 
cap for preventing r 
pits. 

medial alternatives that leave the waste in place could contribute 
ve remedial action objective (RAO) levels, the effectiveness of the 

97.5 percent) was used to reduce rain infitration into the waste 

B.3.1.4 OccuDational Construction Risks 
General risks associated with construction o 
historical risk data. Risks were estimated 
man-hour). Risk factors used are from th 

3.4 x lo5 injuries per man 
5.0 x lo' fatalities per m 

were estimated for each alternative using 
ing man-hours by a unit construction risk (per 

ent of Labor (1988): 

B.3.1.5 Transwrtation Risks 
Because remedial actions that call for off-site disposal involve 
no exposures to hazardous materials a~ expected to occur dun 
potential exists for highway deaths and accidents to occur. 
disposal, the following method was used to calculate transpo 

the packaged waste, 
n However, the 
e involving off-site 

Estimates were made of the total volume of waste to be transported off site. 

Estimates were made of the total weight of the wastes using density 

The estimated weight was used to determine the number of shipp 
required to ship the wastes. 

Values for containers per truckload or railcar load were used to 
of truckloads or rail loads required to transport the total volume of waste 

9 The number of truckloads or rail loads was multiplied by the round trip mileage 
required to transport the waste to a western disposal site. 
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Total mileage was multiplied by risk factors (in risks per mile) obtained from 

t of Transportation (DOT) and Nuclear Regulatory Commission (NRC) regulations 
per shipping containers and loads (DOT 1989; NRC 1989). Table 
rs used to calculate tmsportation risks. 

B.3.1.6 Volatilization 
For Alternatives 4 an 
chemicals from the 
rate of the chemical 

the pit contents will be removed, the air concentration of volatile 
g remediation was calculated in two steps. First, the emission 
using the "Landfill Without Internal Gas Generation" model 

@PA 1988). Second, the concentration of the 
calculated emission rate and the "Near Field 

Box Model" (Gas Research Institute 1988). 

Finally, the air concentration of volatile che 
(PEL) (OSHA 1989) in Table B.3-8. 

s compared to the permissible exposure limits 

B.3.2 LONG-TERM EFFECTIVENESS 
Pathways associated with potential long-t the constituents of the waste storage pits 
are listed in Table B.3-2. It is assumed that Alternatives 2, 4A, and 4B will not completely 
eliminate the potential for long-term risk because the waste will 

SA and SB completely eliminate all pathways because the wa 
detailed summaries of each alternative's ability to address the 1 
pathway. 

B.3.2.1 Direct Radiation 
The long-term effectiveness of each remedial alternative in minimizing direct radiation exposure to 
the public was evaluated. Alternative 0, the no-action alternative, does not reduce 
radiation exposure potential of the site (30 mrem/yr). The surcharge and cap opti 
additional shielding and distance for the waste, thus lowering the exposure potenti 
levels. The Iemaining options physically remove the wastes from the site thus eliminati 
potential for exposulle. 

mperty. Alternatives 
off site. Below are 

associated with each 

B-3-4 
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TABLE B3-1 
.................... 

ARAMETERS USED TO CALCULATE TRANSPORTATION RISKS 

Value Reference/Justification 

Alternative 5A 2.08 M lbs Concrete stabilized waste. 
Alternative 5B 1.36 M lbs Vitrified waste. 

Waste Density 

Untreated 
Concrete stabilized 
Vitrified 

ShiDping CaDacities 

LSA' container box 

Maximum/tIuck 0 Gondola capacity 

Train capacity 

RoundtriD Mileage 
to Disposal Site 

Truck 

90 !I3 Manufacturer specifications 

ssuming exclusive use of the train. 

......... ......... 

4400 miles 

Utah. Mileage was 

Rail 4550 miles 

Risk Factors 

Truck Transport Fatali ties/mile 

Occupational driver 
fatalities 2.1 x 1 0 9  

Same as above 

DO" 1986; FHA' 1988; statistic 
"authorized carrier," which is an 
carrier. 

B-3-5 
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TABLE B3-1 
. . . . . . . . . (Continued) 

4.1 x lo8 Same as above 

DOT 1986; FHA' 1988; "Public" includes 
passengers in trucks, driver and passengers in 
cars, pedestrians, etc. 

Public injuries 1.2 x io-' Same as above 

Rail Transmrt 

Employee fatalities DOP 1988 

Employee injuries DOP 1988 

Public fatalities 1.8 x lo6 DOP 1988; "Public includes train passengers, 
offduty workers, pedestrians, drivers and 
passengers in other vehicles, etc. 

Public injuries 6.7 x loa Same as above 

%SA - Low specific activity. 

bDOT - Department of Transportation. 

'FHA - Federal Highway Administration. 

FERDUl-1 S/SA.lU).l/lZ1090 
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TABLE B.3-2 

POTENTIAL FOR LONG-TERM HUMAN EXPOSURES RELATED TO REMEDIATION 
OF OPERABLE UNlT 1 AT THE FEED MATERIALS PRODUCTION CENTER 

Sediment ingestion 
Sediment ingestion Exposure to groundwater ~ 

Exposure to groundwater at 
eastern property boundary 

Fugitive dust 

near pits 

Gamma doses to resident farmer 
Radon exposure 
Decreased fugitive dust due to 

ecological succession 

Alternative 2 entrained groundwater Decreased exposure via groundwater 
Surcharging and cap property boundary pathway 

Decreased radiation potential above 

Elimination of radon and fugitive 
cap 

exposures 

Alternative 4A 
Excavate and stabilize 
with concrete, store on site 

Alternative 4B 
Excavate and vitrify. 
Store on site 

Alternative SA 
Excavate and stabilize 
with conme.  Ship off site 

Decreased exposure via groundwater 
Decreased potential for direct 

radiation exposures 
Decreased radon exposures 
Elimination of fugitive dust 

exposures 

Decreased exposure via groundwater 
at eastern property boundary Decreased potential for direct 

Fugitive dust 

on of fugitive dust 

Exposure to entrained groundwater 

Fugitive dust 

exposure via groundwater 
potential for direct at eastern property boundary 

Decreased radon exposures 
Elimination of fugitive dust 

exposures 

Alternative SB Exposure to entrained groundwater Decreased exposure via groundwater 
Excavate and vitrify. 
Ship off site Fugitive dust 

at eastern property boundary 

Elimination of fugitive 

FElwUl -lS/SA.ls@ 1n a1ww B-3-7 
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B.3.2.2 Airborne Emissions 
B.3.2.2.1 Radon 

0 
effectiveness of each remedial alternative for airborne radon release is assessed by 

mated radon flux rate exiting the upper layer of cover material with the operable 
0 of 20 picoCuries per square meter per second @Ci/m'-s) from a single source. 
don flux rates are presented in Table B.3-3. The data in Table B.3-3 indicate the 

ate is estimated to exceed the RAO for the no-action alternative. The other alternative 
reduces radon levels below the RAO of 20 pCi/m2-s. 

The long-term effecti 
was evaluated. The 

remedial alternative to minimize exposures via fugitive dust 
ve (Alternative 0) is expected to generate little or no dust 

of vegetation) on the site. The surcharge and cap option 
storage options are expected to isolate the contaminated 

materials from the atmosphere for the foreseeable future thus preventing resuspension of 
contaminated dusts; therefore, long-term expos fugitive dusts are not considered to be 0 plausible. 

B.3.2.3 Groundwater 
Alternative 2 requires leaving the waste 
future exposure to constituents via the g 
However, the risk for this pathway after Alternative 2 is in pla 
draft of this document. Alternative 4 requires moving wastes to rty tumulus. Potential 

long-term residual risk may be associated with the tumulus; ho 

r this alternative, estimates of the risk for 
y should be significantly decreased. 

tified in the next 

will minimize long- 
term threats. 

Future potential groundwater hazards can only be addressed with the aid of models, which are 
described in Section B.3.1.3. When applied to Alternative 0, the models estimate that RAOs will 
not be met for uranium. 

Alternative 5 would have the greatest long-term effectiveness because the waste would 
transported off site. 

B-3-8 
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TABLE B.3-3 

ESTIMATED LONG-TERM AIRBORNE RADON F’LUX 
RATES FROM OPERABLE UNIT 1 

Estimated Maximum 
Radon Flux Rate 

(pCilkn2/s) 

0 
2 

. , . . . . . . . . . . . 

4 

4 

5 

5 
. . . . . . . . . . . . . . . 

<1W 
<0.0002b 
5 

5 

5 

5 

‘Microshield calculations estimated the dose rate to be 120 pC3/m2/s. Due to uncertainties in some 
of the input parameters, this was rounded to 

This is the calculated flux exiting from th 
decrease in radon flux levels attributable 
cap. 

‘Source term xcmoved. 

ap. It does not include the additional 
uation by the four feet of materials over the 

B-3-9 



64.3 8 
FMK-0115-2 

December 10. 1990 

B.3.3 SHORT-TERM EFFECTIVENESS 
0 '  

AU altematives must address the potential for remediation activities to contribute to public health 

munity and workers. It is generally assumed that workers will follow all  as low as 
evable (ALARA) and Occupational Safety and Health Administration (OSHA) 

tentially involve greater exposures than others, and some types of risk, such as 
they should not be exposed to hazardous levels of contaminants. However, some 

accidents and transportation risks, cannot be avoided by following regulatory 
procedures. Potential short-term exposures are presented in Table B.34. Note that many of the 
short-term exposures 
isolation enclosure 

le B.34 will only occur in the event of an environmental 

The short-term impacts of remediation on direct gamma exposures to the public were considered. It 
was concluded that public exposures via this were not plausible because site security measures 

0 will deny access to the waste storage pits al processing areas. 

B.3.3.1.2 Aiborne Emissions 
The short-term impacts during remediatio 
considered. It was concluded that signi 
plausible because receptor exposures are very dependent on di 
security measures will deny close access to the waste storage p 

B.3.3.1.3 Transportation Risks 
Transportation risks to the community have been quantified fo 
risks are listed in Table B.3-5. Members of the public that 
transportation of wastes off site include passengers in trucks, drivers and passengers in cars, and 
pedestrians. For rail transport, the "public" includes train passengers, off-duty wo 
and occupants in other vehicles. 

Both injuries and fatalities are greater for transport by truck than by rail. The number 
and fatalities are higher for Alternative 5A (concrete stabilization) than 5B (vitrificatio 
volume of treated waste to be transported for 5A is greater than for 5B. 

fugitive dust exposures to the public were 
public exposures via these routes were not 

e source, and site 
rial processing areas. 

rail shipping. These 

FEREOU1-15~A.150-m2-1@90 B-3-10 
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TABLE B.3-4 

POTENTIAL FOR SHORT-TERM HUMAN EXPOSURES DURING REMEDIATION 
WASTE STORAGE PITS AT THE FEED MATERIALS PRODUCTION CENTER 

None 

2 

4A 

4B 

a SA 

5B 

None 

None 

Exposure to direct radiation during 
preliminary work 

Exposure to direct radiation during 
excavation, hauling, processing, 
and placement 

Exposure to radon during excavation 
Exposure to fugitive dust during 

hauling 

Exposure to direct radiation during 
excavation, hauling, processing, 
and placement 

Exposure to radon during excavation 
Exposure to fugitive dust during 

. . . . . . . hauling 

Exposure to direct radiation during 
excavation, hauling, processing, 
and transpofi 

Exposure to radon during excavation 
Exposure to fugitive dust during 

hauling 

Exposure to direct radiation during 

B-3-11 
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B.3.3.2 Protection to Workers DurinP Remedial Actions 
a 

iation exposure limits to a radiation worker are 5 rem per year. Considering the 
measures that will be taken during remedial action, and assuming 
be met for work to proceed, risks to workers should be minimal. To 

e sense of the potential for the alternative to contribute to a radiation dose, the 
occupational exposure from direct radiation was calculated for the six options considered using the 
MICROSHIELD com 
nuclides present in 
products of those 
area as the average 
then made to use 

The source term used was the average reported activities of the 
.3-6). This source term also included the appropriate decay 
The source was assumed to have the same volume and surface 

area of Pits 1 through 6. The conservative assumption was 
etry for the source to maximize the dose rate to the receptor 

(Elg~re B.3-1). 

The source was assumed to be bare (no cover), and the density of the waste was assumed to be 1.4 
g/m’. finally, a geometric progmsion me 

The resulting dose rate of 3.4 x lo’ mra 
the dose rate to a dose equivalent measu 
work force for each alternative was the 
excavate the waste under the various options. These estimates, 
extremely conservative because they assume the total time requ 
in the area of maximum exposure. 

Alternative 0 does not require excavation, thus it produces no 
Likewise, Alternative 2 does not require excavation of the waste but does require some exposure to 
the site by workers preparing the site for capping (surveyors, laborers dewatering the ponds, etc.). 
Assuming this preparatory work can be done in 10oO hours of on-property work, 
this option from these activities will be about 14 mrem. Little additional exposu 
during placement of the cover because the work will be done by heavy equipme 
will be shielded by this equipment and the cover. 

The remaining four options call for excavation of the waste. If this requires 306,218 man-hours, 
then the exposures for each of these alternatives will be just over 1 mrem (Table B-3.7). 

proximate buildup was used. 

multiplied by a quality factor of 1 to convert 
The total occupational exposure to the 

ose rate and the man-hours required to 
Table B.3-7, are 
ate the waste was spent 

a 
B-3-13 
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TABLE B.3-6 

AVERAGE REPORTED ACTIVITIES OF 
RADIONUCLIDES IN THE WASTE PITS 

.. . 

Weighted Average 
Nuclide Act Pits @Ci/g) 

u-234 .... ...... . . . . 6.2 x 102 
1.2 x loz 
1.9 x 103 
3.8 x 10' 
5.7 x 103 
3.4 x 10' 
3.7 x loz 

CS-1 37 1.2 x 10' 
Ra-226 1.7 x loz 
PU-238 6.4 x 10' 
PU-239 3.1 
RU-106 9.8 x 10' 
Np-237 2.3 
Sr-90 9.4 

. . . . . . . . . . . . . . . . . . . . 
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TABLE B3-7 

ESTIMATED SHORT-TERM RADIOLOGICAL EXPOSURES TO WORKERS DURING 
REMEDIATION OF WASTE STORAGE PITS 

Significant Direct Radiation Exposures 
(Man Rem) 

Alternative Excavation Hauling Transport Radon Exposures (WLM) 

0 0 0 0 Baseline 

2 

4A 

4B 

5A 

0 

.004 

.004 

1 .o .004 

0 

0 

0 

1.1 

<0.07 

0.35 

0.35 

0.35 

5B 1 .o .004 1.1 0.35 

'Includes only exposures associated with si 
etc.). 

on work (i.e., surveying, fence maintenance, 

. . . . . . . . . . . . . . . . . . 

...... . . . . . . . . 

FERlDul-1 SBA. 1 m-ln 21 &90 B-3-15 
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B.3.3.2.2 Airborne Radon 
0 

potential for occupational radon exposure exists during the excavation phases of the 
on alternatives. Because the excavation portions of the options are identical, 

s will be identical. Therefore, one plausible worst-case scenario was 
tigated and applied to a l l  remedial alternatives requiring excavation. 

in air axe partially dependent on soil radium concentrations; therefore, higher radon 
levels are expected to be encountered when soils containing higher radium concentrations are 
disturbed. To place 
soil radium concent 
produced as a result 
datum for a multire 
RAECOM (NRC 1 

d on the potential radon exposure, the highest recorded average 
g in Pit 5 )  was used to determine airborne radon concentrations 
activities. This radium concentration was used as an input 
ional radon generation and transport computer program called 
calculated the radon flux emanated from these soils to be less 

than 150 pci/m*-s. 

If all other things are equal. the maxim 
downgradient of the operation’s largest open 
pits, the largest working face is not expect 

Assuming complete mixing occurs in the 
ground), the excess radon levels in the air immediately downgradient of this 50-meter working face 

trations can be expected immediately 

50 meters in length. 
face. Using the known dimensions of the 

(the first 2 meters of air above the 

can be estimated by dividing the total flux generated by the le 
air over a 1-meter-wide path across the open working face: 

orking face by the flow 

C@Ci W) = J(pcl/s)/Q 

C = concentration of radon within breathing mne ( 
J = flux from 50 meters long, 1-meter-wide path across working face (7500 pCi/s) 

Q = flow rate across 2-meter-tall flow path, assuming average wind 

where 

(m 4 s )  

Using the parameter values determined above. the excess downgradient radon 
from excavation of pit soils is expected to be about 1.3 pCi/L. 

The risks associated with elevated radon levels in air are not attributable to radon itself but rather 
to its decay products. The buildup of these daughter products is time dependent. Because the 

m u 1  -1 S/SA.lSo-?n 2.1090 B-3-17 
QotJ&a3 
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travel time for air across a 50-meter distance at 3 meteds is approximately 17 seconds, only one 
a 

onium-218 (Po-218), would be present in any quantity. With a half-life of 3.11 
ximately 0.08 ~CI/L of Po-218 would be produced from an aerial radon concentration 

e following equation was used to determine the working level exposure resulting 
ntration (NCRP 1984): 

WL = .00103 (Po-218) + .00507 (Pb-214) + .00373 (Bi-214) 0% 2) 

where 
WL = w  

tion of Po-218 (pCi/L) 

tration of Pb-214 (pCi/L) 

tion of Bi-214 @Ci/L) 

The resulting exposure was appmximately 8.0 x 10’ WL. The excavation of contaminated areas in 
Operable Unit 1 is estimated to require rs. Assuming 170 man-hours in a man- 
month (NCRP 1984), this results in appmx 
the entire work force during remedial acti 
5B). 

35 working level month (WLM) of exposure u) 
excavation (Alternatives 4A, 4B, 5A, and 

B.3.3.2.3 Fugitive Dust 
Mechanical activities associated with dirt-moving projects can 
fugitive dust. The most prolific source of this dust is from the 
from one location to another. For each of the remedial action 
the materials in the waste storage pits, the truck traffic will be 

uncontaminated haul roads to a processing facility. If proper 
spillage during hauling, the dust suspended from the mads during this phase will not contain waste 
pit constituents and will only be of concern if the dust levels approach one of the OSHA nuisance 

ficant quantities of 
required to relocate dirt 

iring excavation of 
ated materials over 

dust threshold limit values (Le., 0.05 for silica dust). 

Because the materials removed from the working face are expected to be at or near fie1 
levels, the potential for dust resuspension during excavation is negligible. 

B-3-18 
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B.3.3.2.4 Volatilization 
0 

The estimated air concentrations of volatile chemicals during removal of pit contents (Alternatives 4 
nted in Table B.3-8. These concentrations are compared to the PELS for 

posure. The estimated air concentrations of volatile chemicals from the waste pits 
orders-of-magnitude lower than the corresponding PEL. Therefore, no significant 
during remediation from inhalation of volatile chemicals is expected. 

B.3.3.2.5 Construction Risks 
Consvuction risks associated with each alternative are presented in Table B.3-9. Total man-hours 
required to perform 
risks. The estimated 
one workday. 

The number of fatalities and injuries a~ greatest for Alternative 4 because of the large number of 
man-hours required to build the engineered disposal facility. Only Alternative 2 is not expected to 

ssing area activities were used to determine construction 
ed on statistics for injuries that would cause a loss of at least 

result in any construction worker fatalities. 

B.3.3.2.6 Transmrtation Risks 
The transportation risks to occupational 
disposal alternatives are provided in Tab1 

a 
d rail workers associated with the off-site 

Both injuries and fatalities are greater for transport by truck th 
results in one to two driver fatalities. Transportation by rail d 
workers. 

ransportation by truck 
in any fatalities for rail 

. . . . . . . . . 

B-3-19 
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TABLE B3-8 

ONCENTRATIONS OF VOLATILE ORGANIC COMPOUNDS DURING 
XCAVATION OF THE WASTE STORAGE PITS COMPARED TO 

PERMISSIBLE EXPOSURE LIMITS 

Modeled Air 
Concentration (mghn3) PEL (mg/m3>’ 

Ethyl benzene 
Pit 1 
Pit 2 
Bum Pit 

Toluene 
Pit 1 
Pit 4 
Pit 6 
Bum Pit 

Xylenes 
Pit 2 
Pit 6 
Bum Pit 

Acetone 
Pit 1 
Pit 2 
Pit 3 
Pit 4 
Pit 5 
Pit 6 
Bum Pit 
Clearwell 

2-Butanone 
Pit 1 
Pit 2 
Pit 3 
Pit 4 
Pit 6 
Bum Pit 

chloroform 
Pit 1 
Pit 4 

Methylene chloride 
Pit 1 
Pit 2 

5.7 x lo8 
2.1 x lo8 
4.4 x 

3.5 x 
3.9 x 107 
4.2 x 10-7 
4.6 x lo8 

435 

200b 

435 

2400 

2.6 x 105 
3.3 x 105 
5.5 x 105 

3.7 x 105 

5.3 x 1 0 5  
1.7 x 105 
4.4 x 105 
7.2 x 107 

1.7 x i o7  

5.9 x loa 

590 

6.5 x lo6 

1.2 x 105 
8.7 x 105 

1.3 x 105 
1.6 x 105 

B-3-20 
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TABLE B3-8 
(Continued) 

2.5 x 1 0 5  

1.3 x 1 0 5  
Pit 5 5.4 1 0 5  

Pit 6 9.7 x 10" 

Clearwell 1.3 x 1 0 5  

Pit 1 3.0 x 1 0 7  

Bum Pit 4.7 x 1 0 7  

Bum Pit 1.7 x lob 

Tetrachloroethylene loo" 

Pit 4 1.3 x lo4 

. . . . . . . 

1 , 1 , 1 -Tnchlomthane 
Pit 1 
Pit 2 
Pit 4 

Tnchlomthene 
Pit 4 
Pit 6 

1.2 x lob 
8.4 x 1 0 7  

1900 

Phenol 
Pit 2 

Bum Pit 1.4 x 10' 
Pit 5 2.3 x l o 8  

'Permissible exposure limit Source: Air Contaminants - Permis 
of Federal Regulations Part 1910.1OO0, OSHA (1989) 3112. 

loo" 

19 

bEight-hour time-weighted average in ppm. 

B-3-2 1 
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TABLE B3-9 

CONSTRUCTION RISKS ASSOCIATED WITH REMEDIATION OF 
OPERABLE UNIT 1 

Construction 

2 

4A 

4B 

5A 

5B 

899,655 

6,397,652 

71 

26 

59 

0.45 

3.20 

3.37 

1.46 

2.12 

30.59 

217.52 

229.00 

99.00 

144.00 

'Based on mechanical work man-hours used for cost estimates (minus "productivity factors"). 

B-3-22 

............... 

........... 



FMK-0115-2 
Deceankr 10. 1990 

F 

F m 
rl 

b 

Y 

H 

K 

o\ 

r- 
c'! 
H 

b 
c 

K 

\o 

B-3-23 



64.3 8 
FMPC-0115-2 

December 10, 1990 

REFERENCES 

1966, "ISOSHLD, A Computer Code for General Purpose Isotope Shielding 
-2316. U.S. Dept. of Energy, Richland, WA. 

titute, 1988, "Management of Manufactured Gas Plant Sites Volume III Risk 

Grove Engineering, Inc., 1987, "Microshield Version 3," Grove Engineering, Inc., Rockville, MD. 

Klechkovsckii, V. M., G. G. Polikarpov and R. M. Aleksakhin, 1973, Radioecolom, John Wiley 
and Sons, New Yo& 

National Council on 
Environmental Expos 
MD. 

National Council on 
For Exposure to Ioni 

ection and Measurements, 1984, Evaluation of Occupational and 
and Radon Daughters in the United States, Report 78, Bethesda, 

ion and Measurements, 1987, "Recommendations on Limits 
port 91, Bethesda, MD. 

Parkhunt, B. R., R. G. Elder, J. S. Meyer, D. A. Sanchez, R. W. Pennak and W. T. Waller, 1984, 
"An Environmental Hazard Evaluation of Uranium in a Rocky Mountain SVeam," Environmental 
Toxicology and Chemistry, Volume 3, pp. 11 

Poston, T. M., R. N. Hanf and M. A. S 
Water, Air, and Soil Pollution, Volume 

Schroeder, P.R., J.M. Morgan, T.M. ibson, 1984, "Hydrologic Evaluation of 
Landftll Performance (HELP) Model: Guide for Help Version 1." EPN530-SW- 
-' 84-009 Municipal Environmental Research Laboratory, U.S. Environmental Protection Agency, 
Cincinnati, OH. 

'Toxicity of Uranium to Daphnia magnu," 

Templeton, W. L., 1975, "Effects of Radiation on Aquatic 
Aauatic Radionuclides: Models and Mechanisms, Ann Arbor 
pp. 287-301. 

U.S. Department of Energy, 1990, "Draft Remedial InvestigatiogR&mt for Operable A Unit 4: 
Volume 2 Baseline Risk Assessment," DOE Oak Ridge Operatidhs Office, Oak Ridge, TN. 

U.S. Department of Labor, Bureau of Labor Statistics, 1988, "Reports on Survey of Occupational 
Injuries and Illnesses," DOL, Washington, D.C. 

U.S. Department of Labor Occupational Safety and Health Administration, 1989, 
- Permissible Exposure Limits," OSHA-31 12. 

U.S. Department of Transportation, 1989, "49 CFR Parts 171, 172, 173, 174, 175, 
178: Tmportation Regulations; Compatibility with Regulations of the Internation 
Agency (IAEA): Notice of Proposed Rule," Federal Register, 54 (218): 47454-47490. 

U.S. Environmental Protection Agency, 1985, "Superfund Public Health Evaluation Manual," 
540/1-861060. 



643 8 
FMPC-0115-2 

December 10, 1990 

U.S. EPA, 1988, "Superfund Exposure Assessment Manual," EPA/540/1-88/001. 
a 

mental Protection Agency, 1989a, "Risk Assessments Methodology, Environmental 
SHAPS For Radionuclides, Background Information Document - Volume 1," 

yl 1989b, "Health Effects Summary Tables: Fourth Quarter 

ar Regulatory Commission, 1981, "Handbook for the Determination of Radon Attenuation 
Through Cover Materials," NUREG/CR-2340, prepared by Rogers and Associates Engineering 
Corporation for the U.S. Nuclear Regulatory Commission. 

U.S. Nuclear Regula n, 1984, "Radon Attenuation Handbook for Uranium Mill 
Tailings Cover Desi 
Corporation for the Commission. 

U.S. Nuclear Regul 
Compatibility with 
Re~s ter ,  53(110): 215 

repared by Rogers and Associates Engineering 

n, 1989, "10 CFR Part 91: Transportation Regulations; 
Atomic Energy Agency (IAEA): Proposed Rule," Federal 

Westinghouse Materials Company of Ohio, 1989, "Feed Materials Production Center Environmental 
Monitoring Annual Report for 1988," FMPC-2173, by Westinghouse Materials Company of Ohio, 
Cincinnati, OH. 

. . . . . . . . . . . . . . . 

B-R-2 



4.3 8 



643 8 

WASTE PITS, BURN PI ARWELL CHARACTERISTICS 



t 

F 

z 
€ 

s m  
Y 

ci c 

- 8  
g 5  c .5 

.......... d 

Q) 
C 

i2 

L 
Q) 

r3 
- 
3 

FMPC-0115-2 
December 10. 1990 

w 

c-2 



-= 

... ... ... ... ... ... ... ... ... ... ... 
... ... ... ... ... 
.x. 

cv 

i2 
p! 
22 
2 

4 

8 
e! 
C 

v1 
e, 
3 .- 
3 
7 u- 

9 7 

. . . . . . . . . ..... 

3 3. 

e-+-- 

v) 

m 
- 
'C 
Q) 



ZI 
Q 

FMPC-0115-2 
December 10. 1990 

U 

i 

C-4 



FMPC-0115-2 
December 10, 1990 

c c 

P) 0 

E -  
2 
& 

M 

v). = 

. . . . . . . . . 

rn 

d 

c-5 



FMPC-0115-2 
December 10. 1990 

9) 

s s g s  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

C-6 



64.3 8 
FMPC-0115-2 

December 10. 1990 

n 
0 

00 
d 

m 
H 

Y 
c 

ei cri 

. . . . . . . . . 

. . . . . . . 

2 2 > 
m 
CL 

i? 2 i  

-i v; d 

c-7 



0 -  - 0  
d - 

- 0  

... 

FMK-0115-2 
December 10,1990 

. . . . . . . . . . . . . 

C-8 



643 8 
FMPC-0115-2 

December 10. 1990 

3 
0 

g B  
v 1 V J  

I 

c-9 



VI 

cr' 

m 
0 u 
C 
e! 
22 
2 

c. 

6) u 
E 
2 
I2 

a: v; 
c-10 

FMPC-0115-2 
December 10. 1990 

w 



FMPC-0115-2 
December 10. 1990 

m- m- w i.i 

M 

......... 

x 

4 

.................................. 

c-11 



FMPC-0115-2 
December 10. 1990 

c-12 



e 

' a  
CI 

FMPC-0115-2 
December 10. 1990 

L. 
Q) 

m -.. 
3 
W u c 
L a 
v1 

cci 

m 

. . . . . . . . 

. ..... 

T i  vi 

C-13 



FMPC-0115-2 
December 10. 1990 

..... 

... ... .... ... .... .... .... ..... .... .... ..... ........ ......... 

.= 

.... 
.... ..... .... ....... ...... ... .... 
..... .... ..... .... ..... .... ..... .... .... .... .... ... .... ....... . .,. :.>. 

c1 cv 

v) c 0 .- . z CL 

5 

a 

0 
C 
0 u 

'C 

.......... 

DD 
A 

3 
d 

a a a 
z 
CI 

... 



FMPC-0115-2 
December.10, 1990 

CI 
c 

. . . . . . . . . . 

2- 
C-15 



64.3 8 
FMPC-0115-2 

December 10. 1990 
I 

-3 c. 

i 

C-16 

a 
'5 

-3. . . . . . . . . . . . . 

cr: 



FMPC-0115-2 
December 10. 1990 

L 

W 

2 

2 
e! 
I2 

2 
E 

ad 



64.3 8 
FMPC-0115-2 

December 10. 1990 

a 

a 

Q) 0 
+! a 
v1 

c 



64.3 8 
FMF‘C-0115-2 

December 10,1990 

........... 

........... 

cI.- 

W E  a ‘S 

b-  

” 5  
2 8  

” ” ” 

M 

Q 3. 

e 
N 

......... ........ 

J: 

ai 
c-19 

0 ” ” ” 



FMPC-0115-2 
December 10. 1990 

8 
e! . . . . . . . . . .  e 
C 

2 

2 
0 .- 

.......... 

w u 

............................ 

c-20 

.... 



64.3 8 

3 u 
Y 
J a < c 

s s n 

il 
Q 
5 

3 

m 

I 0 

I 
3 
8 

E 

a = 

FMPC-0115-2 
December 10,1990 

c r i s ' v i b  

c-21 



FMPC-0115-2 
k r n b e x  10,1990 

d 
LI 

E 

0 
0 

9 
ff' 

(2-22 

f 
i 
Y 





64.3 8 

.................. 

..................... 

APPLICABLE OR RELEVANT A PRIATE REQUIREMENTS (ARARS) 



. . . . .  

FMPC-0115-2 
December 10. 1990 

. .  . . . . . .  

D-2 



. . . . . . . . ... . 

FMPC-0115-2 
December 10. 1990 

D-3 



.. ... 

. . . . . . . . . . 

FMPC-0115-2 
December 10. 1990 

D4 



. . . . . . . . . . . 

u U 0 

D-5 

C .- 

64.3 8 
FMPC-0115-2 

December 10. 1990 



. . . . . . . . . . . . . . 

v) 

d 
m- 
N- - 

FMPC-0115-2 
December 10. 1990 

D-6 



. . . . . . . . . . 

8 P 

2 FMPC-0115-2 
December 10, 1990 

. . . . . . . . 

9 

a 

d 

rr) 

0 
0 

D-7 



8 P 

v) 

d 
m- 
ci 

D-8 

643 
FMPC-0115-2 

December 10. 1990 

. . . . . . . . . . . . . . . . 



D-9 

FMPC-0115-2 
December 10. 1990 

. . .  

......... 

........ 



... .. 

. . . . . . . . . . . . . 

FMPC-0115-2 
December 10. 1990 

. . a * . .  

D-10 



A 8 

L . a  
le4 

18 

. . . . . , . . . 

I 

I ST 
pl 

D-11 

FMPC-0115-2 
December 10,1990 

s%f$%fss% 
E E E E E E E E E  

. . . . .  

W c 
Q 

W 
5 

E 



a 
................. 

a 

64-3 8 
FMPC-0115-2 

December 10. 1990 



. . .. 

D-13 

FMPC-0115-2 
December 10, 1990 



. . . . . . . . 

. . . . . . . 

64.3 8 
FMPC-0115-2 

December 10. 1990 

D-14 



t; .g 

. . . . . . . . 

1 
1 s 
pc 

FMPC-0115-2 
December 10. 1990 

D-15 

. . . . . . . . . . . . . . . . . . . . 



64.3 8 
FMPC-0115-2 

December 10.1990 



8 P 

FMPC-0115-2 
December 10,1990 

. . . . . . . 

D-17 



2 . . . . . . . 
m 

643 8 
FMPC-0115-2 

December 10. 1990 

D-18 



u .- e 
n a 

E2 

64-3 8 
FMPC-0115 -2 

December 10. 1990 

m a 
2 a 

3 
B 

I- - 
m 

. . . . . . . . 

D-19 



. . . . . . . . . . . . . . . . . . 

...... 

A 8 
. . . . . . . 

64.3 8 
FMPC-0115-2 

December 10. 1990 

D-20 



................ 

E 

1 
I s 
d 

2 

, 
I 

........ 

FMPC-0115-2 
December 10. 1990 

...... 

D-2 1 



FMPC-0115-2 
December 10. 1990 

D-22 



D-23 

64.3 8 
FMPC-0115-2 

December 10. 1990 



......... ....... 

D-24 

FMPC-0115-2 
December 10. 1990 

................................ 



a 

. . . . . . . . 

a 
8 P 

D-25 

64.3 8 
FMPC-0115-2 

December 10. 1990 



64.3 8 
FMPC-0115-2 

December 10. 1990 

D-26 



64.3 8 
~ 

FMPC-0115-2 
December 10. 1990 

D-27 



D-28 

FMPC-0115-2 
December 10. 1990 



. . . . . . . . . . . . . 

A 
v r -  a - 

a a a  

m 

FMPC-0115-2 
December 10. 1990 



a 
m m 
m 

D-30 

FMPC-0115-2 
December 10.1990 

L.l 

g e  



d 
m- 
ci -- v) 

64.3 8 
FMPC-0115-2 

December 10. 1990 

D-3 1 



........... 

d 
m- 
cu- -- VI 

(r 0 

........ 

E u 

64.3 8 
FMPC-0115-2 

Dccember 10. 1990 

...................... 

D-32 



c 

FMPC-0115-2 
December 10. 1990 

D-33 



. . . . . . .  

....... 

. .  

. . . . . . .  

0 
................ ........ ......... ........ ........ ....... ........ ............... 

4 

64.3 8 
FMPC-0115-2 

December 10. 1990 

v1 
c h. 

FER/OUl-lS/SA.ISO-I /I 2-10-90 D-34 



.. . 

1 
I s 
d 

FMPC-0115-2 
December 10, 1990 

D-35 



f 1 
a iib 

.......... 

64.3 8 
FMPC-0115-2 

December 10, 1990 

FEWoUl~ 1 SEA. 150-1 I1 2- 10-90 D-36 



....... 

64.3 8 
FMPC-0115-2 

December 10. 1990 

......... 

................. ................. ......... 
........... 
........ ........ ......... ........ ......... ...... ........ ......... ........ ......... ........ ......... ........ ......... ........ ......... r, 

g-3 ................. C ........ 

a i  



8 P 

FMPC-0115-2 
December 10. 1990 

D-38 



FMPC-0115-2 
December 10. 1990 



64.3 8 
FMPC-0115-2 

December 10, 1990 

D40 



c 

. . . . . . . 

64.5 8 
FMPC-0115-2 

December 10. 1990 

D41 



64.3 8 
FMPC-0115-2 

December 10. 1990 

. . . . . . . . . . . . . . . . 

d 

I 8 

D42 



............... 

I 

.......... 

FEwoUl- 1 SBA. lS& 1 /l Z 10-90 D-43 

FMPC-0115-2 
December 10. 1990 



FMPC-0115-2 
December 10. 1990 

. . . . . . . . 
M 

a 



. .. 

. . . . . . . . . . . . . . . . 

D45 

FMPC-0115-2 
December 10,1990 



a 

a 

64.3 8 
FMPC-0115-2 

December 10. 1990 

. . . . . . . . 

L 

.... . 

D46 



. ... 

FMPC-0115-2 
December 10. 1990 

v, 

d 

0 -  - m  

,. ........... .... . . . . ...,.... . . . . . . . ., ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . 
. . . , . . . . . ..... ... ......... . . . . . . . . . . . . . . . . . . . . . . . . . 

D47 



. . . . . . . . . . . . . . . . . . 

. . . . . . . . 

D-48 

FMPC-0115-2 
December 10. 1990 



.... 

. . . . . . . . . . 

FMPC-0115-2 
December 10. 1990 

8 
3, 
8 

v) 2 m 

D-49 



FMPC-0115-2 
December 10. 1990 

. ..... 

D-50 



. . . . . . . . . . . . . . . 

FMPC-0115-2 
December 10. 1990 

z m 
c 
0 
c 

e, 
U 

0 

0 

t 

a - 
a 

8 
.9 I= 
3 0  
.Y 2 

-. 

C 

u c  
. ..... 

. I  

D-5 1 



. . . . . . . . . . 

64.3 8 
FMPC-0115-2 

December 10. 1990 

D-52 



. . . . . . .. 

FMPC-0115-2 
December 10. 1990 

D-53 



FMPC-0115-2 
December 10. 1990 

v) 

*- : 

D-54 



a 

E u 

a 

D-55 

FMPC-0115-2 
December 10. 1990 

. . . . . . . . . . . . . . . 



FMPC-0115-2 
December 10. 1990 

v) 

d - 

0 * 
63 
.;, 
v1 

D-56 



. . . . . . . . .. . . . . . . . 

FMPC-0115-2 
December 10, 1990 

. . . . . . . . . . 



a 

a 

0 
l r 3  8 .o 
0 9  

.s Y 
11 
$2 ... 4 
... ... ... ... ... ... ... ... ... ... ... ... ... ... 

... ... .... ... .... ... 

i: ..i. ..... 

- I 
-3 
B 
d 

[ .$2" 
31 8 

FMPC-0115-2 
December 10, 1990 

3 

D-58 



.... 

FMPC-0115-2 
December 10, 1990 

. . . . . . . . 

D-59 



. . . . . . . . . . . . 

d 

vi- 

& .  
d .  

J 
0 .E - as 
3 1  

D-60 

0 

FMPC-0115-2 
Dccernber 10. 1990 

... . 



FMPC-0115-2 
December 10. 1990 

. . . . . . . . ... . .  

D-6 1 



E z 
3 

FMPC-0115-2 
December 10. 1990 

. . . . . . . . 

D-62 



. . . . . . . . .. 

FMPC-0115-2 
December 10. 1990 

D-63 



. . . . . . . . . . . . 

8 P 
. . . . . . . 

I 
D-64 

FMPC-0115-2 
December 10. 1990 

, . . , . . . . 



E 

v) 

d : 

e 

FMPC-0115-2 
December 10. 1990 



FMPC-0115-2 
December 10. 1990 

0 
a 
d 

D-66 



. . . . . . . . . . . . ... . 

8 P 

- a 

. . . . . . . . . . 

D-67 

FMPC-0115-2 
December 10. 1990 



FEWOUl-lS/SA.lS&l/lZl&W 

d 
m- 

-- In G .  

D-68 

FMPC-0115-2 
December 10. 1990 



d 
m- 
Pi- . 
4- v, 

64.3 8 
FMPC-0115-2 

December 10. 1990 

. . . . . . . 



e 

. . . . . . . . . 

e 
..... 

D-70 

FMPC-0115-2 
Dccember 10. 1990 



8 P 

I s 
d 

D-7 1 

643 8 
FMPC-0115-2 

December 10, 1990 

0 

. . . . . . . . . 



a 

a 

FMPC-0115-2 
December 10. 1990 

. . . . . . . . . . . . . . . . . 

D-72 



. . . . . . . . . . . . . . . . . .. . 

FMPC-0115-2 
December 10. 1990 

D-73 



5 
f 
Y 

8 

D-74 

FMPC-0115-2 
December 10. 1990 



. . . . . . . . . 

D-75 

* .  

FMPC-0115-2 
December 10. 1990 

0 
e '3 

v) m u  1 

. . . . . . . . 



- a 

. . . . . . . . . 
Q) 5 . f  

s, 
3 
€2 
H 

U 

s 

D-76 

FMPC-0115-2 
December 10. 1990 



D-77 

FMPC-0115-2 
December 10. 1990 



8 P 

FMPC-0115-2 
December 10. 1990 

D-78 



,. .. 

. . . . . . . 

64.3 8 
FMPC-0115-2 

Dccember 10. 1990 



. . . . . . . . . . 

FMPC-0115-2 
December 10. 1990 



........... 

D-8 1 

FMPC-0115-2 
December 10. 1990 

......... 



. . . . . . . . 

FMPC-0115-2 
December 10, 1990 



8 P 

(r 

0 

FMPC-0115-2 
Dcccmber 10. 1990 

D-83 



. . . . . . . . . . .  

D-84 

FMPC-0115-2 
December 10. 1990 



FMPC-0115-2 
December 10, 1990 

CJ 
8 > 
ca 

8 

." 
Y 

e, 
Y d 

d 

0 
8 > 
ca 

8 

.- Y 

E, 
Y d 

d 

0 
8 > 
(d 

8 

.a 
Y 

E, 
Y 

d 

0 

d 

d 
8 
8 m 

E 
1 
c ." 
5 

8 
8 m 

0 
8 > 
ca 

8 

." U 

E, 
Y d 

d 
8 
8 m 

0 
8 > 
ca 

8 

." 
U 

E 
U - 
d 
8 

$ 

o 
Y 

3 
3 

5 

2 ca -u c .  
1 .z 8 1 .z 
o c  = a o c  s a  i - s o a  

8 

(r 
0 

c .  

0 
8 > 
(d 

8 

." 
Y 

e, 
Y d 

d 
8 
8 m 

0 
8 
5 ." 
Y 
0 

8 
e, 
U - 
d 

0 
8 > .-. 

- 
d 
8 
8 m 

D-85 



FMPC-0115-2 
December 10. 1990 

0 
8 > 
id 

8 

.- 
U 

2 
U 
d 

d 
W 
Q) m 

0 0 0 
Q) > 
m 

. Q )  

.I U 

E 
U 
I 

0 
W > 
id 

Q) 

.a 
U 

E 
U d 

d 
Q) 
8 m 

0 

Q) > 
m 

Q) 

.- U 
E 
U 
I a 

Q) > 
m 

Q) 

.- 
U 

E 
Y 
I 

d 
Q) 
Q) m 

..................... 

0 
Q) > 
Ld 

Q) 

.3 U 

E 
Y - 
a 

0 0 
a2 > 
m 

Q) 

.-. U 
E 
U I 

d 

0 
Q) > 
m 

8 

.I U 

E 
U I 

d 
Q) 
0)  m 

Q) 
e, m 

Q) 
Q) m 

......... 

0 0 0 0 
8 > Q) > 

m m 

8 8 

.- Y 

Q) > 
m 

Q) 

.I Y .e U 

E E 
a a 

s 
U 

E 
d U 

d 
U 
d 

4 4  
8 Q) 
0)  m 

Q) 
0 m 

....... 

- 
d 
a2 
Q) m 

Q) U 
. v )  : m  
; 3  

5 

e 

9) 

cw 
0 

m 
.a e -  
o c  .as 
1 .= 

CI 
w 
W 
k 

... ......... 

Q) 

Ld 
Y 

D-86 



64.3 8 
FMPC-0115-2 

December 10. 1990 

0 
Q) > 
(d 

W 

." Y 

E 
Y - 
d 
Q) 
0) 
VI 

0 0 
a2 > 
le 

a2 

.e c) 

E 
Y - 
d 

0 0 
Q) > 
(d 

0)  

." Y 

E 
Y I 

< 
Q) 
0)  
v) 

8 > 
ld 

a2 

.- Y 

E 
Y - 

Q) > 
(d 

W 

.d Y 

E 
Y d 

U 

..................... 

............... 

U 
Q) 
W 

VI 
W 
Q) 
VI 

a2 
a2 
v) 

0 0 
a2 > 
ld 

W 

.e c) 

f 
Y 

U 

0 0 0 
a2 > 
(d 

Q) 

." Y 

E 
Y d 

U 

Q) > 
ld 

0) 

.d Y 

E 
Y 
d 

U 

Q) > 
(d 

Q) 

." Y 

E 
Y 

d 
8 
Q) 
VI 

8 
e, 
VI 

Q) 
Q) 

VI 

Q) 
a2 
VI 

0)  
Q) 
v) 

n 
Y 
w 
LL 

3 

E c )  
his 

Q) 
C 
0)  
N 
C 
0) 

h 
2 
c, w 

L 
a2 > 
VI 
- .- 

0 w 

D-87 



FMPC-0115-2 
December 10. 1990 

n 
w 
W 
LL 

U 
Q) 

8 

0 

0 
Q) > 

0 

U 
Q) 
Q) 
v1 

0 
Q) > 
ld 

Q) 

.LI 
U 

E 
U c. 

U 

0 
8 > 
ld 

Q) 

.e 
U 

E 
U - 
U 
Q) 
Q) 
v1 

0 0 0 
a2 > 
ld 

9) W U 

U U 

Q) > 
ld 

.LI U .LI U 

E E - U 
d 

Q) 
Q) 
v1 

Q) 
Q) 
v1 

......... ......... 

0 
8 > 
(d 

Q) 

.e 
U 

E 
U - 
U 
Q) 
8 
v1 

0 
42 > 
(d 

Q) 

.LI U 

E 
U I 

U 
8 

8 

0 
Q) > 
ld 

Q) 

.a U 

E 
U - 
U 
Q) 

8 

0 
0)  > 
ld 

Q) 

._ 
U 

E 
U e 

U 

0 

U 
Q) 

8 

0 
8 > 
ld 

a2 

.e 
U 

E 
U 
9 

U 
8 

8 

9) 
C 
Q) 

h 

a 

0 
c u 

CI 

5 
El - 
.LI 

G 

................................. Q) 
E 
ld 

8 

0 
c 
0 

5 
El 

G 
c. 

.LI 

CI 

c1 

I 

c 

D-88 



FMPC-0115-2 
December 10. 1990 

...................... 

0 
8 > 
(d 

W 

.a Y 

E 
Y 
d 

U 
W 
W m 

0 
W > 
(d 

W 

.- Y 

E 
Y d 

U 
W 
W m 

0 

a 
W > 
(d 

0) 

.- 
Y 

E 
Y - 
< 
W 
W 

WY 

hl 
W > 
(d 

W 

.- Y 

E 
Y 

< 
W 
W m 

W C  

Me- 

L o  

H 
W 

e 
0 
u w w - 
E w 
a e 
0 

I 

.- 

0 
W > 
(d 

W 

.- 
Y 

E 
Y I 

4 
8 
W m 

0 
8 > 
(d 

0) 

.- Y 

E 
Y 

U 
W 
W m 

0 

................................. 

;s 

D-89 



FMPC-0115-2 
December 10. 1990 

a 
0 0 

W > 
(d 

0)  

.I 
U 

E 
Y - 
d 

0 
a2 > 
B 

0)  

.- 
Y 

E 
Y I 

d 

0) > 
(d 

0)  

.a U 

E 
U 
I 

d 
Q) 
0)  
v) 

Q) 
a2 
v) 

I 

0 
u r n  e o  

0 0 
Q) > 
(d 

Q) 

.- Y 

E 
Y 9 

d 
a2 
0)  
v) 

0 0 
Q) > 
B 

0)  

.- U 
E 
Y 
I 

d p! 
W 
b z 

rnw 

Q) 
Q) 
r/) 

Q) 
Q) 
v) 

0 
0 > 
(d 

Q) 

." - 
E 
Y I 

d 
a2 

$ 

0 . . . . . . . . . . 

a 
a4 
U B 

n 
w 
W 
CL 

.... 

N 
N 
N 

e 
0 
I 

-2 
d 

N 
OI 
W 

W 
W 

D-90 



FMPC-0115-2 
December 10. 1990 

fl 0 
8 > 
(d 

8 

.- Y 

E 
Y 

< 

8 > 
(d 

8 

.a 
c) 

E 
* - 
< 
8 
8 m 

0 

8 
8 m 

8 
8 m 

CJ 
8 > 
(d 

8 

.LI Y 

E 
Y - 
< 
8 
8 m 

hl 
8 > 
(d 

8 

.- 
Y 

E 
Y - 
< 
8 
8 m 

n 
W 
W 
ZL 

. . . . . . . . . 

I 
I 
I 
I 
I 
I 
I 

8 
1 

a 
u 

D-9 1 



FMPC-0115-2 
December 10. 1990 

a 

0 

n 
W 
w 
ZL 

N 

n 

3 
C 

e 
0 

P 

% 

.a u 

0 
N 
a 
l& 
U 
0 - 

D-92 

N 

N 
Q) > 
" 
0) 

.- Y 

f 
Y 
d 

U 
Q) 
Q) m 

\o 
N 
N 
I 

2 
N 

N 
9 
2 



FMPC-0115-2 
December 10. 1990 

a2 
r% 

0 

0 
a2 > 
Q 

a2 

.a Y 

E 
Y 

U 
a2 
$ 

0 
a2 > .- Y 

d 

a2 
E 
Y - 
d 
a2 
a2 
rA 

N z 

D-93 

0 
a2 > 
a e 
.- c 
k 

Y 
a2 
I 

U 
a2 
a2 
rA 

0 
a2 > 
Q 

a2 

.I 
Y 

E 
Y - 
U 
a2 
a2 
rA 

0 
Q) > 
Q 

Q) 

.- Y 

E 
c1 
d 

U 
a2 
a2 
Ln 



FMPC-0115-2 
December 10. 1990 

n w 
W 
I& 

0 
e, > 
(d 

e, 

." Y 

E 
Y 
d 

d 
e, 
e, m 

0 

0 
e, > 
(d 

e, 

." Y 

E 
Y - 
d 
e, 
e, m 

0 
e, > 
Q 

e, 

." Y 

E 
Y I 

d 

0 
e, > ." Y 

(0 

e, 
E 
Y 

d 
e, 
e, m 

0 

0 
e, > 
(d 

e, 

.- 
Y 

E 
Y - 
d 
e, 
e, m 

0 

d 
W 
e, m 

0 
e, > 
Q 

e, 

.a Y 

E 
Y 

U 
e, 
e, m 

0 
e, > 
(d 

e, 

.- 
Y 

E 
Y m 

4 
e, 
e, m 

0 
e, > 
(d 

e, 

.- 
Y 

E 
Y - 
4 
e, 
e, m 

0 
e, > 
Q 

e, 

.e 
Y 

E 
Y m 

4 
e, 
e, m 

E 
1 
c 
e, 
e, m 

." 
I 

.................................. 

E 
a .- - - 
Q c 

D-94 



FMPC-0115-2 
December 10. 1990 

n 
W 
W 
k 

9 

(d 
uv) e o  

s a J P  
o)- E l  
2 0 5 ;.a 
; g z$z 
U p: MijP z w& 

cn iIi:z 
Q 

e E b : r  
a4 

- .:: 
.... .... ..... ..... ..... ..... ..... 
..... ..... ..... ..... ..... ..... ..... 

0 
9) > 
B 

W 

." 
Y 

5 
Y 

d 
0)  
W m 

0 

W 

0 
W > 
B 

0) 

._ 
U 

E 
c. 

d 
0 
W m 

0 

d 
0)  
W m 

0 
0)  > 
(d 

8 

." 
U 

2 
Y - 
U 
W 
W m 

D-95 



FMPC-0115-2 
December 10. 1990 

n 
W 
W 
k 

.. .... 

1 
W 
W 

G 
v! 
3 
W 
1 
c) 

Y 

5 
6 

e 
0 

a e 
- 
c) 

0 

0 
2 = 
3 

I 

1- 

U 
C a 

I 

D-96 



FMPC-0115-2 
December 10. 1990 

..................... 

n 
W 
W 
LL 

D-97 

Q) 
D 

................. 

f 2 i  u 
0 v 

(r 
0 

........ 



FMPC-0115-2 
December 10. 1990 

n 
W 
W 
24 

- 
Y .- 
I .I 

u a 
k 

.. 
Y 

C 
0 
E 
Y a 

; 
Q) 
Y 
v) 

5 

5 

v) a 
0 

a 
N 

't 

b 
0 
(r 

D-98 

L 
a, 
'0 
C a 

I 

I 



I 

. . . . . . . . . . ... 

FMPC-0115-2 
December 10. 1990 

D-99 



FMPC-0115-2 
December 10. 1990 

N 
8 > 
(d 

8 

.- 
Y 

E 
Y d 

4 
8 
8 m 

N 

N 
8 > 
B 

8 

.- 
Y 

E 
U 
d 

4 
8 
8 
VI 

N 
8 > 
B 

8 

.- Y 

E 
Y 

4 
8 
8 m 

. . . . . . . . . 

D-100 



. . . . . . . . . . . . . . . . . . 

n 
W w 
r& 

FMPC-0115-2 
December 10, 1990 

a2 
a2 
VI 

D-101 



FMPC-0115-2 
December 10. 1990 

n 
W 
W 
ZL 

cv 
8 > 
(d 

8 

.- 
Y 

E 
Y - 
U 
8 
8 m 

N 

N 
8 

L. 
8 
Y 

U 
8 
8 m 

c 
w 
0 
c\'= 

. . . . . . . . . . 

a e 
B 

c 
e 

D-102 



FMPC-0115-2 
December 10. 1990 

e 

a 

a 

0 
a > 
m 

8 

.- Y 

E 
Y d 

4 
a a 
v) 

0 

D-103 



FMPC-0115-2 
December 10. 1990 

..................... 

.......... I 
I 
I 
I 
I 
I 
I 

D-104 

...................... 

I 
I 
I 
I 
I 
I 
I 

........ 

i 



FMPC-0115-2 

. ... 

n 
W 
w r& 

U c: 
(d 

0 

W 
N 

: 

D-105 

.... 



FMPC-0115-2 
December 10. 1990 

. . . . . . . . . . . . . 

n 
w 
W 
ZL 

I a 
w m  

...... 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

w 

2 
2 
\o 
rJ 

V 
0 w 

. . . . . . . . . 

D- 106 



FMPC-0115-2 
December 10. 1990 

EI 
w 
w 
CL 

I 

(d r m  e o  . ~n 

..... 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

n 
Y 
L. 
Q 
P 
D 
3 
v) 

hl 
W 
hl 

L 

& 
L4 v 
0 v 

L - 0  
C 

O Q  

. . . . . . . . . 

D- 107 



..................... 

.................. 

& w 
b z 

n w 
w 
k 

C " 
f 

a 
I 
[I 

i 
t .. 
-! 

......... 

D- 108 

FMPC-0115-2 
December 10.1990 



FMPC-0115-2 
December 10. 1990 

n 
W 
W 
k 

d 
Q) > 
a 

Q) 

.I 
U 

E 
Y - 
d 
6) 

f% 

D-109 

I 

. . . . . . . . . 

V 
Y 
L 

E 
P 
3 m 

0 
-3 



FMPC-0115-2 
December 10. 1990 

n 
W 
W 
k 

.......... 

.................................. 

D-110 



FMPC-0115-2 
December 10. 1990 

. . . . . . . . . . . . . . . . . . . . . 

n 
W 
W 
L k  

-Y 
a2 > 
B 

a2 

m 
a 
a2 m 

.- 
Y 

E 
Y - 

. . . . . . . . . 

D-111 



FMPC-0115-2 
December 10. 1990 

n 
W 
W 
CL 

Q 

n 
Y L 
(d 

P 
1 
1/1 

D-112 

W 

n 
Y L 
(d 

P 
1 
1/1 

0" 
W 
c\1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 



64.3 $3 
FMPC-0115-2 

December 10. 1990 

. . .  

..................... 

D-113 



FMPC-0115-2 
December 10. 1990 

................. 

..... 

w 
8 > 
(d 

8 

.- Y 

E 
Y - 
< 
8 
8 m 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

LL 
Y L 
(d 
P 
P 
1 
v1 
w 
\o 
c\( 

d 
LL u 
0 w 

........ ........ 

................................. 

D-114 



...................... 

n 
W 
W 
24 

U 

4 

FMPC-0115-2 
December 10. 1990 

d 
W > 
a 

W 

.-. c. 
e 
Y 

4 
W 
W m 

......... 

.......................... 

D-115 



FMPC-0115-2 
December 10. 1990 

n 
W 
W r& 

I 
I 
I 
I 
I 
I 
I 

I 

. . . . . . . 

D-116 

a > 

. . . . . . . . . . . . . 

I 
I 
I 
I 
I 
I 
I 

.... . 



FMPC-0115-2 
December 10. 1990 

e 

e 

n 
W 
w 
k 

-3 
8 > 
m 

Q) 

.- Y 

E 
Y 

4 

I 
I 
I 
I 
I 
I 
I 

. . . . . . . . . 

D-117 



FMPC-0115-2 
December 10. 1990 

n 
w w 
L& 

I 
I 

... . 

d 

0 

3 w * 
d 
I& u 
0 w 

D-118 

. . . . . . . . . . . . . . 



FMPC-0115-2 
December 10. 1990 

. . . . . . . 

I 
I 

. . . . . . . . . 

D-119 



64.3 8 
FMPC-0115-2 

December 10. 1990 

n w 
W r& 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

00 
W 
N 

5 u 
0 
-? 

. . . . . . . . . . . . . . . . . . . . . 

. . . . . . . 

D-120 



- FMPC-0115-2 
December 10. 1990 

I 

I 
I 
I 
I 
I 
I 
I 

n 
CI 
L 
(D 
P 
P 
3 
fA 

00 
\o 
N 

E u 
0 v 

. . . . . . . . . 

D-121 



FMPC-0115-2 
December 10. 1990 

.... . 

0 
Q) > 
m 

Q) 

.I 
U 

E 
U 

< 
W 
Q) m 

0 

8 > 
m 

Q) 

.- 
U 

E 
U 
I 

U 
Q) 

d 

a2 > 
m 

Q) 

.- U 
E 
Y 

D- 122 



FMPC-0115-2 
December 10. 1990 

........... 

......... 

I 
I 
I 
I 
I 
I 
I 

- 
m 

I 
rn 
d 
CI 

V 
U 
0 

c1 
c, 
a2 

d 
E 
c1 

E 

1 '  

L. 
a2 
m 

0)  
3 
Y 

D-123 

......... 



FMPC-0115-2 
December 10. 1990 

N 
8 > 
(d 

8 

.- 
C 

4 
Y 

d 
8 
8 m 

I 
I 

n b  

v) 
E P  
* -  
0- 
b b  * *  
%A 

u u  
d b  0 0  

D- 1 24 



n 
W 
W 
LL 

N 

0 0 u x  0 0 . -  

I 
I 
I 
I 
I 
I 
I 

m 

E 
0 
Q) 

.- 
L 

Y .3 

i; - 
m u 
C 
& 
0 

.- 

c 

c 
00 .- 
M 

a" 
Q 
C 
(D 

00 
E 

v1 

.- .- Y 

. . . . . . . . . 

D- 125 



FMPC-0115-2 
December 10. 1990 

...................... 

n 
W 
w r& 

I 

I 

fl 
Q) > 
(D 

8 

.- 
Y 

E 

a 
c.2 

Y CI 

8 

m 
e 
0 
Q) 

.- 
L 

U .I 

6 - 
(D 
0 
C 
z 
0 

.I 

c 

U 
C z 
8 
0 
01 

Q) 
Y 
v) s 

c\I 
Q) > 
01 

0)  

.- Y 

E 
Y 

a 
8 
e, 
I/) 

. . . . . . . . . . . . . . . . . . .  

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

(D 
0 0 .I 

D-126 



FMPC-0115-2 
December 10. 1990 

. . . . . . . 

. .  

C 
0 
h 
P) 

.- 
Y ." 
i; 
I 

Q 
V 
C c 
V 

.- 

$ 

D-127 

. . . . . . . . . . . . . . . . . . . . . . . . 



FMPC-0115-2 
December 10. 1990 

..................... 

n 
w 
W 
CL 

I 
C 

C 
i 

.. 

I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 

V 

n 
Y 
L 
B 

P 
3 
rA 

D-128 

......... 

.................................. 

ER/OUl- 1 S/SA. 150-1 n2- 10-90 



64.3 8 
FMPC-0115-2 

December 10. 1990 

I 
I 

v) 
Y a z 
Q) 

.. . > 

I 
I 

n 

D- 129 

. . . . . . . . . . . . . . . . . . . 



FMPC-0115-2 
December 10. 1990 

u 

a u -  

D- 130 



FMPC-0115-2 
December 10. 1990 

... 

D-131 



FMPC-0115-2 
December 10. 1990 

n 
W 
W r& 

I 
I 
I 
I 
I 
I 
I 
I 

v! 
0 
0 
v 
v) 

L 
Q) a 6 5  
l a$  
nu 

L 
Q) 

O C  

. . . . . . . . . 

. . . . . . . . 

D-132 



FMPC-0115-2 
December 10. 1990 

n 
W 
W r& 

(c. 

4- 0 
hl 
0 - 
N 
m 
VI o z  

hl 
Q) > 
.I 

U 
a 
a3 m 

N 
Q) > 
a 

Q) 

.a Y 

E 
c. d 

U 
Q 
Q) m 

. . . . . . . . . . . . . . . .  

.a 

E 

h 
0 
a 
I 
M 

h 

w 

I 

d 
h a a 
u 
- 
i? 
4 a 

m 
a 
M 

- 
2 

0) 
0 e 
cl 
L 
1 
m 

........ 

D-133 



64-3 8 
FMPC-0115-2 

December 10. 1990 

0 
W 
W 
k 

FEWOUl-IS/SA.lSO-l/lZlO-W 

I 
I 
I 
I 
I 
I 
I 

D-134 

... .. 

. . . . . . . . 





PACKA 

......... . . . . . .  

............................... 

, 



FMPC-0115-2 
December 10, 1990 

PACKAGING/TR ANSPORT ATION 

ent df Transportation (DO"') in Title 49 Code of Federal Regulations (CFR) Part 

e shipping designations allowed in the DOT regulations. there are four that could 
te in Pits 1 through 6, the Bum Pit, and Clearwell of Opeible Unit 1 with certain 

number of general categories under which radioactive material may be shipped. 

Limited quantities 
Low-specific activity (LSA) material 

Under each of these rable Unit 1 waste would be specified as "normal form" 
ested to meet the requirements of 49CFR173.469 (tests for 

TransDo rtation 
Transportation to an off-site disposal facility 
truck transfer station near the disposal facili 
Appendix B. Risks associated with each 

by direct rail transport or rail transport with a 
pping capacities are listed in Table B.3-1 of 

rtation are also included in Appendix B. 

Limited Ouantities 
Limited quantities of radioactive material is a designation for s 
and the smallest quantities of radioactive material. Generally, 1 

clocks, and smoke detectors are shipped under this category. 
to conform to the restrictions of this classification, it would not 
places a restriction on the activity level allowed in each shippi 
constituents of the waste, the number of containers required to satisfy the activity level would be 
prohibitive in regards to the logistics of inventory and accounting. 

ast resuicted articles 
as radioactive watches, 

residue could be made 
. This classification 

tainer. Due to the radiological 

LSA Material 
The advantage to shipping radioactive material as LSA is to gain exemptions from usin 
specification packaging (Le., Type A, Type B, etc.). Whereas the other packagin 

E- I 
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0 classifications place a limit on the curie content of a package, the LSA classification places a limit 
on the specific activity of each package. 

ral subparts to the definition of LSA material, two of which may apply to the waste. 
rial may meet the definition of 40CFR173.403(n)(l) (definitions) as "Uranium or 
d physical or chemical concentrates of those ores." However, if it should be 

OCFR173.403(n)(4), (definitions) which state: "Material in which the radioactivity is 
ese residues are not ores or ore concentrates, they would have to meet the 

essentially uniformly distributed and in which the estimated average concentration of contents does 
not exceed: 

ram of radionuclides for which the A, quantity is not more 

gram of radionuclides for which the & quantity is more than 
ore than 1 curie; or 

of radionuclides for which the A, quantity is more than 1 
curie." 

(Note: A, is the maximum activity of normal form radioactive material permitted in a 
Type A package) 

0 To apply this second definition, it must be 
determination of A, and A, values for rad 
different radionuclides, where the identi 
permissible activity of each radionuclid 

40CFR173.4330)(3) (requirements for 
tes that "In the case of a mixture of 
f each radionuclide are known, the 
ust be such that F, + F2.. + F. is not 

greater than unity, when: 

F, = Total activity of R, 
Ai@,) 

F, = Total activity of R2 
Ai@J 

. . . , . . . . . 

. . . . . . . . .  Fn = Total activity of R,, 
A i 0  

Where Ai@,, R, ... RJ is the value of A, or A, as appropriate for the nuclide R,, R,, . 

(Note: A, is the maximum activity of special form radioactive material permitted in a 
Type A package) 
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Applying this information to Operable Unit 1 suggests that the radionuclides in the decay chain e 
e waste would have to be divided into three categories: those with an A, value equal 

0.05 curie, those with an 4 value greater than 0.05 but not more than 1 curie, and 
value greater than 1 curie. Based on present information, the radionuclides in the 

ainly from the U-238 decay chain and fall into the categories just mentioned. The 
ted to require 741,000 packages. 

Twe A Package 
The waste of Ope 
activity level in each 
and performance spec 
requirements) and 
designed to more s 
packaging of materials with greater levels of radioactivity. Type A containers are generally more 
expensive than LSA containers. 

be shipped in Type A packaging which requires that the 

ype A packaging are listed in 49CFR173.411 (general design 
sign requirements for Type A packages). Type A packages are 
nts than LSA packages and are typically used for the 

xceed the A, value for the radionuclide of concern. The design 

Due to the activity levels of the waste, the 
and the logistics for storing and accountin 

T v ~ e  B Package 
Type B packaging is required for all  w Type A packaging requirements. The 
design and performance requirements for Type B packages are 173.41 1 (general 
design requirements) and 10CFR71.51 (additional requirements ackages). Type B 
packaging is constructed to much higher standards than either A packaging; therefore, 
it is much more expensive. 

Generally, shipments of Type B quantities are made in a prim ntainer that is placed 
in a Type B overpack for transportation purposes only. The main advantages to Type B shipments 
are the use of larger containers and less risk during shipment because of the high 

packaging. The main disadvantages are cost and obtaining Type B overpack. 
shipped in Type B containers. 

activity level restrictions for Type A packages, 
r of packages required will be prohibitive. 
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